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In recent years all around the world, the serious consequences of medical 
errors are realized by both healthcare practitioners and the public because of 
the critical direct injury towards the involved patients and the high indirect 
costs subsequently. The utilization of information and communication 
technology in this field is recognized to have the possible power of reducing 
medical errors and promoting the quality of clinical treatment. Closed-loop 
medication administration is treated as a kind of valid method for attaining 
healthcare service with high standard. This is because that all the processes 
are monitored, recorded and managed by the system. Among all the medical 
professionals, the nurses play the most integral role in the entire clinical 
service procedure since they participate in almost all the steps. From this 
point of view, they have the potential to detect, manage and stop the medical 
errors. Therefore, mobile nursing system has the possibility to make the 
nurses working with a more efficient and safe mode through achieving 
closed-loop medication administration. 
This study explored how a mobile nursing system could be used to achieve 
closed-loop medication administration to deliver high quality and safe nursing 
care. The key points in the design and implementation of such a system and 
the advantages and issues when utilizing the mobile nursing information 
system had been investigated in this research. In this study, a mixed research 




a selected case hospital which is located in a major metropolitan region in 
China. The process of the design and implementation of the mobile nursing 
system had been described with the adoption of user centred design method. 
A case study including semi-structured interviews and questionnaires was 
adopted to investigate the research questions. All the data collected from the 
above research methods were analysed and discussed in order to explore the 
research questions in a deep manner. The data collected from the interviews 
were analysed with thematic analysis method through the lens of Activity 
Theory. An ethnographic study was utilized to observe the working process 
before and after launching the mobile nursing system.  
The research questions were answered at the last part of this thesis. Regarding 
the questionnaire and the semi-structured interview, the nurses were satisfied 
with the current state of the mobile nursing information system in general, 
especially in identification and accuracy, while dissatisfied with the portable 
device and wireless network. For the design and implementation of the 
mobile nursing information system, a user-friendly design and sufficient 
training were very important. The benefits and problems of adopting the 
mobile nursing system were presented. The benefits were the improvement of 
safety and accuracy. The problems were the the instability of the portable 
device and wireless network. It was demonstrated that the user centred design 
method was useful for the design of such a mobile system and the Activity 




system. Furthermore, the accomplished mobile nursing system had the 
potential to be applied to other healthcare institutions to achieve efficient and 
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Chapter 1: Introduction 
The object of this chapter is to present some background information; the main 
contents include the aim and research question, the content and the significance of 
this study. Finally, the thesis outline is presented for a brief introduction of this 
thesis. 
1.1 Background 
There are currently many major challenges in the healthcare field all over the 
world (Andel et al. 2012). On one hand, the expectation of life increases 
continuously partly because of the development of technology and the standard of 
living (Abel-Smith 2014). Therefore more efficient, safe, and high quality 
healthcare delivery and safe clinical treatment are demanded (Prince et al. 2016). 
Another aspect to consider is the shortage of healthcare staff and the harm of 
medical errors are prevalent difficulties in the field of healthcare (Andel et al. 
2012). The severe consequences of medical errors are being recognised by both 
healthcare practitioners and the public because of the critical direct injury towards 
the involved patients and other serious adverse effects such as the subsequent high 
indirect costs (Van Den Bos et al. 2011). Thus an important problem is to reduce 
the occurrence of medical errors and enhance the efficiency of healthcare service 
at the same time (Wang et al. 2013). The utilization of information technology in 
the medical field is recognized to have the possible power to promote the quality 




Pandey & Bhatt 2007). There are many examples from the literature. For 
healthcare institutions, automated algorithm-based electronic trigger detection 
systems were proved to be possible to identify and minimize medical errors 
through automatically detecting overdose errors (Kirkendall et al. 2017). There 
are also examples for individual who suffered chronic disease to improve their 
health condition with the help of effective services provided by a u-Health 
platform which is a kind of IT service in the healthcare field using the ubiquitous 
computing environment (Jung et al. 2013). 
To achieve safe and high quality healthcare services, the whole process of 
medication administration needs to be examined (Bowman 2013). The process of 
medication administration is complicated and contains multiple stages including 
prescribing the medication orders, documenting, dispensing the medicine, 
administering the medicine, and monitoring the response of patients and nurses 
(Pirinen et al. 2015). Moreover, since there are different kinds of interruptions and 
problems confronted by the healthcare staff during every step of the medication 
administration process which will have the possibility leading to medical errors, 
the concept of closed-loop medication administration is a strategy to deliver 
medication safely (Franklin et al. 2007). Closed-loop medication administration 
records and traces every step through the prescribing to implementing of every 
single order using emerging technology (Hwang et al. 2016). As a result, errors 
can be identified and avoided with an automated check and remind technique 




retrieved and the cause of the error can be revealed. Therefore, a closed-loop 
medication administration is a valid method since all the processes are monitored 
and recorded by the information systems (Franklin et al. 2007). 
Among all the clinical staff, nurses play an integral and key role in the entire 
procedure of clinical service. Furthermore, nursing staff can identify, process and 
prevent a majority of medical errors. According to Gaffney, Hatcher and Milligan 
(2016), in spite of that the doctors prescribe the medical orders and the 
pharmacists dispense the  medicine, medication errors are often encountered in 
nursing care service. This is because that nurses operate most of the processes of 
medication administration such as preparation, examination and monitor of results 
after patients taking the medicine. Any mistakes or omissions in these processes 
would cause the occurrence of medical errors. Hence all the medical errors have 
the possibility to be found and prevented by nurses (Sherwood & Zomorodi 
2014). 
With the rapid development of information and communication technology, 
mobile nursing systems adopting various information and communication 
techniques such as wireless technology, barcode technology and automated 
dispensing technology had been introduced to healthcare field (Johansson et al. 
2014). Mobile nursing systems are information systems used by nurses to record 
their daily work and make it possible to enquire for all the related information 




Wireless Local Area Network (WLAN), hand-held terminal of Personal Digital 
Assistant (PDA), bar-code scanning and so on (Wang et al. 2015). Mobile nursing 
system improves the work flow and patient flow through transforming the 
information of patients and treatment to everywhere at any time (Su & Liu 2012). 
The mobile nursing system also record every step of the implementation of the 
prescribing order in a timely and accurate fashion (Wang et al. 2015). As a result, 
mobile nursing system have the potential to improve the efficiency and patient 
safety through the achievement of closed-loop medication administration (Su & 
Liu 2012). 
Although recent research on closed-loop medication management has been 
expanded, most of the research is about Computerized Physician Order Entry 
(CPOE) system and Electronic Medical Record (EMR) system. There are few 
research which explored the realization of Mobile Nursing Information System 
(MNIS) for the reason that MNIS is a kind of relatively new information systems 
in the domain of health care (Varshney 2014; Yoo et al. 2012). The purpose of this 
study is to achieve real closed-loop medication administration through designing 
and implementing a MNIS.  
1.2 The Objective and Research Question 
The purpose of this study is to explore the application of mobile nursing system in 
medical institutions to establish closed-loop medication management process. In 




factors for successful closed-loop medication management using mobile nursing 
information system. 
Therefore, the research aimed to explore the following major question: 
How can a mobile nursing system be used to achieve closed loop medication 
administration to deliver high quality and safe nursing care? 
In order to answer of this question, two sub-questions had also been evaluated:     
i. What are the key issues in designing and using a mobile nursing system in the 
implementation of the closed-loop medication administration? 
ii. What are the benefits and problems when utilizing a mobile nursing system to 
achieve closed-loop medication administration? 
For these questions, this study conducted a single case study and the whole 
process of the design and implementation of closed-loop medication 
administration using MNIS was recorded and explored. 
1.3 The Context of the Study 
The context of this research was a large, public, not-for profit Chinese hospital. 
This hospital has made continuous and stable investments into its clinical and 
other information systems during the past few years. The healthcare field 
recognizes the significant role of IT technology for the improvement of delivery 
of care and patient safety for almost every healthcare institution. Consequently, 




In China, most of the hospitals are public hospitals whereas some are private 
hospitals. The sources of funds include three main parts: government, enterprise 
and individuals (Hougaard, Osterdal & Yu 2011). Public hospitals are all 
not-for-profit hospitals and the highest priority for public hospitals is the 
improvements of medical service and patient safety. The application of all kinds 
of information systems is realized to be an effective way to improve the 
healthcare delivery (Haluza & Jungwirth 2015). All the hospitals in China, 
especially large hospitals have expend lots of time and money to achieve effective 
application of technology based information systems (Li et al. 2012). 
Mobile technology also attracts the attention of many healthcare practitioners 
because it can address many limitations of information systems such as the 
restriction of time and space when using information systems (Kim et al. 2016). 
On one hand, the clinical practitioners always need to go to the computers located 
in the office when they want to use the information systems although they treat 
patients at the bedside in the traditional healthcare environment which leads to 
ineffective healthcare delivery. From another point of view, the rapid 
development of mobile technology makes the mobile digital products to have 
open operating systems, large screens, large memory capacities and more portable 
appearance and this has led to mobile information systems being widely used in 
healthcare institutions which is very helpful for the clinical professionals (Boulos 
et al. 2011).  
Nurses need to do most of their jobs beside the bed of the patient and they also 
need to do the documentation jobs in the computers when they go back to the 




time-consuming. However high quality nursing care requires the nurses to have 
more time to be with the patients, so the applications of mobile technology are 
very significant for nurses (Kuo, Liu & Ma 2013). With the adoption of hand-held 
personal digital assistant (PDA), wireless network technology, barcode 
technology and other mobile technology, mobile nursing information system 
(MNIS) assists nurses to accomplish many jobs such as bedside information 
documentation, patient identity verifying, retrieving patients’ statistics 
information, medicine identity verifying, recording real-time vital signs, medical 
order query, laboratory report query, medicine information query and all these 
functions makes the nurses to work more efficiency and improve the patient safety 
(Wang et al. 2015). Therefore, mobile nursing systems have the possible ability to 
make nurses work more efficiently and moreover to promote patient safety and 
risk prevention (Hsiao & Chen 2012). 
1.4 Significance of the Study 
The target of this study is to explore how to use MNIS to realize the closed-loop 
medication administration. It is significant because it is an important way to 
eliminate medication errors and improve patient safety. Nurses take the main 
responsibilities of medication delivery and therefore play an integral role to 
prevent and eliminate medical errors. This is increasingly important as the 
medical error is one of the most costly and harmful for healthcare services in both 




about 44,000 to 98,000 patients died each year in medical institutions due to 
preventable medical errors and the overall annual expenditure in the United States 
was around $17 billion to $29 billion (Kohn, Corrigan & Donaldson 2000). In 
China, although there is no reliable official data but if calculated according to the 
ratio of 3.5%-16.6% stated by WHO, there were around 58 million inpatients in 
2007 and 1.74-2.9 million Chinese inpatients got harmed by medical errors, and 
the economic loss caused by them was even more considerable (Zhang 2010). 
From this perspective, this study explored how to use mobile nursing information 
system to achieve closed-loop medication administration and then reduce medical 
errors is very meaningful. 
The process of designing and implementing MNIS to accomplish closed-loop 
medication administration is comprehensive and innovative (Su & Liu 2012). 
Furthermore, many healthcare institutions use them already or plan to adopt 
mobile nursing information system (Lin 2014). However, a new personalized 
mobile nursing information system (MNIS) needed to be developed and 
implemented in the case site hospital as there were many personalized demands in 
this hospital and it was found that no mature system matched after detailed 
research. Consequently, how to design and implement MNIS that can benefit both 
nurses and patients was very important. This study showed and explained a 
meaningful attempt to accomplish this goal - achieving close-loop medication 




1.5 Thesis Outline 
There are six chapters in this thesis. Chapter 1 introduces the overview of this 
study, the objective, the research questions and significance. Chapter 2 shows the 
literature review content. In this part, the theoretical basis of this study is 
presented in detail. Medical errors, closed-loop medication administration, mobile 
nursing information system (MNIS) and clinical decision support system are 
explored. Chapter 3 addresses the research methodology and research design 
methods. The use of case study based on interviews and questionnaires is justified 
and mapped to this research. This chapter includes the context of ethical 
considerations and application either. This chapter also outlines data collection as well 
as data analysis, Chapter 4 contains the analysis and findings resulted from the data 
analysis through this study in details for every adopted research method and the 
findings consistency tested with the theoretical underpinnings of this study. In chapter 
5 the key themes are discussed in the context of the adopted theory and contemporary 
researches. Also, this part examines the findings of this study against the theories 
adopted in this study. Finally Chapter 6 provides the conclusion of this research, the 
answers of the research questions, the limitations of this study and future research 
directions. 
In summary, this section presents some background information for this research such 
as the problems in healthcare field, the harm caused by medical errors, the utilization 




administration procedures. The detailed research questions, the importance of this 





















Chapter 2: Literature Review 
In this section, the focus of the literature review is on some main aspects related 
with this research. The first part is about some general information around 
healthcare delivery, such as the healthcare structures and the challenges in the 
contemporary healthcare field. As this research is based on a Chinese public 
hospital, the structure and challenges in the healthcare field in the context of 
China are also introduced. The second part focuses on e-health, including the 
concept of e-technology, e-health and the utilization of mobile technology in 
healthcare field. Thirdly, this chapter also presents medical errors and information 
technology, including the current state of medical errors, the interventions to 
reduce medical errors and the outcome of reducing medical error with the 
adoption of e-health. Next, the following subsection also presents the concept of 
closed-loop medication administration and some technologies to accomplish 
closed-loop medication administration. Since the study is about the utilization of 
mobile nursing system, some related information about nursing care, nursing care 
and medical errors and mobile nursing information system are presented either. 
The final part is about some contexts of decision support system and the 
utilizations of clinical decision support system are offered. At the end of this 
chapter, a summary is presented. 
2.1 Current State of Healthcare Delivery 




the preservation of mental and physical well-being through the services offered by 
the medical and allied health professions” (Mifflin 2000, p. 3361).  The state of 
healthcare delivery is very important to every country as it has close association to 
almost every individual. Although there are various kinds of healthcare structures 
according to the way of how healthcare is delivered in different countries, they all 
face similar and serious contradictions and challenges worldwide (Frieden 2015). 
The major challenges include the growth of average life expectancy around the 
world, the increasing incidence rates of various common chronic diseases plus the 
high costs caused by the adoption of new technologies in medical field (Harper 
2014). Thus, the main contradiction is the high costs of clinical services and the 
shortage of clinical resources from the provider of the medical service versus the 
demand of affordable and high quality medical service from the patients 
(Bhattacharjee & Ray 2014). Therefore, high quality healthcare is always the 
pursued target for all kinds of healthcare systems in all kinds of countries 
(Grumbach, Lucey & Johnston 2014). Quality healthcare is the objective of both 
healthcare providers and clients and it is defined as “consistently delighting the 
patient by providing efficacious, safe and efficient healthcare services according 
to the latest clinical guidelines and standards, which meet the patient’s needs and 
satisfies providers” (Mosadeghrad 2013, p. 215), considering all the perspectives 
from the key stakeholders such as policy makers, professionals, patients, payers 
and managers (Mosadeghrad 2013).  




short time, researchers and providers in medical field turn to seek the aid of new 
technology especially information technology for improvement of healthcare 
delivery quality (Mamlin & Tierney 2016). It has been demonstrated that the 
quality, the effectiveness and safety have been improved since many medical 
organizations have utilized a variety of information systems (Bardhan & Thouin 
2013). Therefore, the research direction about the combination of new information 
technology and assorted requirements in healthcare field is attractive in both 
academic and practical areas (Fichman, Kohli & Krishnan 2011). 
The following subsection 2.1.1 describes dissimilar structures for healthcare 
delivery in different countries, whilst subsection 2.1.2 and 2.1.3 focus on the 
structure and challenge of healthcare delivery in China as the research case is 
based on China.  
2.1.1 Different Healthcare Systems 
The main commission of the health care system is to provide medical services and 
the health care system is affected by various social factors. The examples of social 
factors include the financial situation and current national health policies. So that 
there is variance among different countries, populations and individuals (Capasso 
et al. 2014). In the world there are three main representative medical systems: 
national medical system, social medical system and private medical system in 
accordance with the three dimensions of medical services which are financing, 




The national healthcare service system is represented for example by the United 
Kingdom, Sweden and Eastern Europe (Gaynor, Moreno-Serra & Propper 2013). 
Its characteristics are: universal coverage for all the people, government led, 
public ownership for the healthcare providers, funding out of general taxes and 
free medical treatment. In Britain, no matter which class or social status the 
patient is in, he/she can get the corresponding medical service if he/she needs 
medical care. The medical service system consists of public hospitals, clinics, 
community medical centers and nursing homes at all levels in the UK (Surender, 
Matsuoka & Ovseiko 2015).  
The social medical insurance system has the basic characteristics of universal 
coverage for all the public, funding by social insurance providers, healthcare 
institutions owned by public or private or both, compulsory enrollment, fairness 
and mutual aid (Wendt, Frisina & Rothgang 2009). Many countries in the world 
carry out social medical insurance model, such as Germany, Japan, Mexico, 
Canada and so on (Yoshida & Takagi 2002). 
Contrary to the national medical system and the social medical insurance system, 
the private healthcare system is represented for example by America. As a whole, 
the medical system in the United States is mainly private and the finance, service 
provision and supervision of medical services are mainly driven by the market 
(Wendt, Frisina & Rothgang 2009). The position of the United States federal 




security mechanisms and funds to provide medical security for the elderly, the 
disabled, the poor and the unemployed people in the public form, and to 
standardize the highly marketable medical system in the form of legislation and 
management (Capolongo et al. 2015).  
Actually, with the development and medical reform in many countries, the 
healthcare systems are combined by mixed-types, that is to say the service 
provision, the finance and guideline for healthcare delivery are always driven by 
the state, society and private whereas with one aspect as the main aspect. No 
matter what kinds of healthcare systems a country is fallen in, the main challenge 
is still the achievement of high quality healthcare service and patient safety within 
a cost-effective manner (Wendt 2014).  
2.1.2 Chinese Health Care System 
The Chinese medical and health system is composed of several subsystems, for 
instance the prevention, clinical service, medical rehabilitation services, the 
implementation of health supervision and law enforcement, the service 
organization for medical education and healthcare research, and the government 
health administrative organizations, which have tried to supervise all kinds of 
service organizations (Ma, Hu & Zhao 2014). The healthcare facilities in China 
contain mostly hospitals, grassroots health care institutions and professional 
public health care organizations. In the recent 60 years, the number of healthcare 




(Meng et al. 2015). Although the healthcare service is carried mostly by public 
healthcare institutions in China, the private healthcare institutions are developing 
rapidly in recent years and accounted for 45.09% of health institutions in 2013 
(Meng et al. 2015). 
According to the Measures for Graded Management of Hospitals and the 
Standards for Graded Management of General Hospitals issued by the Ministry of 
Health of the People's Republic of China, all the hospitals are divided into grade 
one, grade two and grade three according to their functions and tasks. After this 
type of assessment, hospitals at all levels are classified as class A, class B and 
class C in accordance with the standards of hospital management. The evaluation 
criteria for tertiary general hospitals are shown as following: hospital functions 
and tasks (50 points), department suffocation (30 points), staffing (30 points), 
hospital management level (40 points), medical management and technical level 
(480 points), teaching, scientific research management and level (105 points), 
ideological and political work and medical ethics construction (65 points), 
statistical indicators (100 points) and so on. Along with the grading standards, a 
hospital with more than 900 points of the comprehensive examination is rated as a 
grade three hospital. The tertiary hospital is a cross-regional, provincial, municipal 
and national hospital to provide medical and health services. They have 
comprehensive clinical service, education and research functions. Their major 
purpose is to offer specialized clinical services, deal with dangerous and 




They also provide technical and professional supervision and instruction 
personnel for lower level healthcare institutions to fulfill training clinical 
practitioners, undertake the task of scientific research projects and participate in 
and guide the prevention work at the first and second level healthcare institution. 
There are 773 grade three class A hospitals in China. Hospitals of Grade three 
class B or lower level hospitals develop their medical standards by learning from 
grade three class A hospitals. Nurses usually improve their skills by accepting 
training at grade three class A hospitals. 
Although the number of visiting patients in grade three class A hospitals are larger 
than those in other lower level hospitals, the proportion of patients in grade three 
class A hospitals is relatively stable. In accordance with the Grading Management 
Standard for General Hospitals published by the Ministry of Health of China, one 
nurse is responsible for no more than 2.5 patients on average. 
Nowadays, China is facing more pressure in the healthcare field for the reason of 
aging population, environmental pollution and high standard medical needs. 
China has now become an ageing society for that 8.7% of the population is over 
65 years old in 2012 while the number is 5.1% in 1980 (Prince & Fantom 2014). 
Therefore, in 2009 the Chinese government announced a new healthcare reform, 
which is one of the most difficult and complicated work all around the world. The 
aim of this reform is to solve many problems, such as the contradiction between 




between the urban and rural areas and the constantly increasing expenditure of 
medical service. The target of this healthcare reform is to provide affordable and 
accessible medical services to all the Chinese citizens and this goal is plan to be 
achieved by 2020 (Burns & Liu 2017). 
In China, the essential medical insurance system includes the urban residents’ 
fundamental medical insurance system started from 2006 and the new cooperative 
medical insurance system started from 2003 (Lu 2015). The main financing 
sources for the basic medical insurance system are public investment, individual 
contributions and other collective funding and the targets of the fundamental 
medical insurance system are universal medical coverage for all the people and 
protect the insured people from poverty caused by illness (Zhu et al. 2017b). The 
progress of establishing the urban residents’ fundamental medical insurance 
structure and the new cooperative medical insurance system was smooth and in 
2012 about 95% of the unemployed people and informal employees were covered 
by modest but comprehensive healthcare service (World Bank 2018a). The 
ultimate objective of the basic medical insurance system is delivering affordable 
and efficient basic healthcare service for all Chinese public by 2020 (Blumenthal 
& Hsiao 2015). 
2.1.3 Challenges in Healthcare Delivery in China 
As stated by the classification of the World Bank, China has already stepped out 




hand according to the world development index and World Health report, 
compared with the major countries in the world, China's health status is still at a 
low level on the number of doctors per thousand residents, the amount of hospital 
beds per 1000 residents, the per capita medical and health costs and the proportion 
of medical and health expenses to GDP (National Health Family Planning 
Commission 2017). A large number of medical resources are concentrated in cities, 
especially in major cities. The government's investment in primary medical 
institutions in rural areas is seriously insufficient. The rural population accounts 
for nearly 70% of the national population, while the public health resources are 
less than 30% of the national totally. China must accelerate the implementation of 
regional health planning, adjust the distribution of regional health services, 
especially strengthen the construction of rural health service capacity from the 
grass-roots level and improve the efficiency of the utilization of healthcare 
resources (Jiang & Kandachar 2008). While increasing the government's 
investment in basic public health, attention to the allocation of resources between 
the government and the market is required.  
On the other hand, the medical expense increased as a result of technology 
improvement, transitions of epidemiological conditions such as chronic diseases 
associated with modern lifestyles and rapidly aging population. With the purpose 
of relieving the pressure caused by the high medical costs, establishing an 
efficient, transparent and equitable medical evaluation system is the ultimate goal 




given to achieve the above objectives and requirements. Healthcare institutions 
intend to reduce medical errors, provide high quality healthcare services for 
patients and improve the patient's satisfaction (World Bank 2018a).  
Many healthcare institutions try to introduce information technology to achieve 
high quality medical service through the use of information interconnection and 
mutual operations. In addition, the behavior of the medical staff can be evaluated 
and supervised; the diagnosis and treatment situation and the process of charge are 
also within the scope of the hospital supervision, which can reduce the occurrence 
of accidents (Li et al. 2015). In general, the information system within the hospital 
should be used to translate quality indicators to digital formats, and then calculate 
and analyze these quality indicators. With the popularization of information 
technology adoption in healthcare field, more medical institutions begun to 
promote the quality of medical service by correcting the problems detected by the 
hospital quality monitoring system (Jiang et al. 2015). 
2.2 E-health 
E-health is a more recent expression and refers to the utilization of information 
and communication technology to deliver healthcare services and other related 
functions such as healthcare monitoring, healthcare education and research (WHO 
2005). New possibilities of modern medical services are brought by the emerging 
technologies such as mobile computing, cloud computing, telemedicine and big 




health records system, the remote diagnosis and treatment and some other remote 
work, such as "virtual" medical team (Ross et al. 2016). In fact, it has changed the 
ability of the residents to obtain the required information and services. Actually, 
more mobile applications have emerged when mobile devices can be used at 
bedside with the construction of wireless network (Agarwal & Lau 2010). In 
addition, patients began to receive health care providers' decision making with the 
aim of information technology (Elwyn et al. 2008). As a result, the application of 
e-health approach has a great possibility to influence and change the way of health 
care services positively. In order to achieve better results, the patients need to 
actively participate in their medical service process including active 
self-management and feedback on healthcare services. Public can participate in 
the operation of health systems in many dissimilar methods (Barello et al. 2016; 
Frilling 2017). 
E-health is revolutionizing healthcare, redefining the concepts and creating 
unanticipated prospects for innovation and improvement of existing processes 
(Ericsson 2014). In the future, information technology will completely change the 
form of healthcare, including more offshore services, integrated health 
information systems, global medicine safety monitoring and higher quality data 
for all the healthcare institutions and the patients (Gupta 2008). So that 
information technology (IT) is a key driver of innovation in healthcare. 




methods, such as the use of e-health records to collect and manage health related 
information and delivery of residents medical services (Coombs, Parker & De 
2017). 
The following subsection 2.2.1 describes the common utilization of e-health in 
healthcare delivery. Subsection 2.2.2 focus on the applications, technology and the 
problems of mobile health.  
2.2.1 E-health in Healthcare Delivery 
E-health applications include those kind of information applications which 
provide communication systems, tools, service and processes to support 
healthcare delivery and those applications have resulted in an overall 
improvement in a wide range of health indicators with long-term vision (Liu et al. 
2011). The main aspects of E-health applications are shown as follows. 
1) Consumer health 
The applications of e-health in consumer health refers to those systems or tools 
aimed to provide the public an easy access to their own healthcare monitor and  
management (Salehi & Mirhadi 2008). It is argued that this kind of 
patient-centered e-health application is one way of achieving high quality 
healthcare service with reasonable or even decreased costs (Andersen et al. 2018). 
Furthermore, improved Internet connectivity and decreasing computer costs make 




perspective of consumer or patients, they are mainly concerned about  
improvement of quality of life and their personal experience (Andersen et al. 
2018). The common applications for consumer health include electronic health 
records system, tools for health status and chronic diseases management and 
internet and social media communities in healthcare (Or & Karsh 2009).  
Recently, more and more attention has been paid to patient-centered medical 
services, and the request of increasing the utilization of electronic medical records 
had increased accordingly. Instead of providing medical services directly, patients' 
participation and self engagement have been promoted (Tugwell et al. 2007). With 
the development of technology consumers can experience a lot of convenience 
almost in every aspect of daily life and they are looking for the same convenience 
when it comes to communicating with their health-care providers. Now patients 
look forward to individual connection with the providers of medical service so as 
to acquire the individual healthcare data (Woods et al. 2013). 
Some remote tools are used for health status monitoring and chronic diseases 
management. In the modern society, with the changes in diet, structure and 
lifestyle, some chronic diseases including hypertension and diabetes are very 
common. Therefore the monitoring of related physical index has close relationship 
with the management of those chronic illnesses and improvement of the quality of 
living for the patients. So remote sensors or wearable device appear on the market 




chronic heart patients, they had monitor at home and the monitors sent data to 
heart center regularly or when something special occurred which need the doctors 
to address (Andersen et al. 2018). However, more attention should be paid to 
patient’s compliance and education when using these kind of devices or systems 
in order to obtain satisfied results (Shaarani, Taleb & Antoun 2017).  
Internet and social media communities are particularly active in the medical field 
because the main driving force of the value of public production. Studies have 
indicated that patients wants to seek for health information through the utilization 
of Internet and ask some specific questions related to their health problem when 
they go to consult their health care professionals (Luhr et al. 2018). The social 
media communities seem to be particularly suitable for healthcare information 
retrieval and communication. There are more and more social media platforms 
emerged and they can offer valuable information integration (Boucher 2010; Kane 
et al. 2009). 
2) Clinical Care 
The applications of e-health for clinical care provide more convenient way and 
more accurate approach for medical service both in practice and research fields 
for healthcare professionals. These applications for clinical care include 
telemedicine, evidence-based medicine research and personalized medicine. 




healthcare delivery system through which healthcare professionals can examine 
patients with the adoption of  telecommunications technology in a remote mode. 
Telemedicine is a kind of remote video consultation through which patients can 
achieve medical consultation from skilled health professionals without geographic 
limitation (Salehi & Mirhadi 2008). In the range of healthcare service 
administration, these applications can be envisaged for providing a comprehensive 
health care system, with the utilization of telecommunications and information 
technology instead of traditional medical service. Countries such as the United 
States and Australia have established relatively widespread and comprehensive 
telemedicine systems. In some developing countries, the utilization of 
telemedicine is attractive for offering easy access to medical service (Chen, Cheng 
& Mehta 2013).  
Evidence-based medicine (EBM) means “the conscientious, explicit, and 
judicious use of current best evidence in making decisions about the care of 
individual patients” (Sackett et al. 1996, p. 71). Mathematical medical modeling 
and simulation is helpful in this work (Lumpkin 2007). The directional search 
function of the Internet can make reading more efficient, which is very helpful for 
the application of newly discovered medical knowledge into clinical practice. IT 
tools and EMR integration can help healthcare practitioners to use the rich 





Some medicine or treatments are very effective for patients with specific diseases 
and specific physical condition. Starting in 2004 the cancer biomedical 
informatics grid offer shared clinical information and analysis approach for the 
researches to assist in determines the best suitable medical trials. There are also 
some problems should be concerned: storage structure and analysis algorithm for 
such large-scale medical data; some specific factors such as the adoption and use 
of privacy and security possibilities for impact analysis to sustain personalized 
clinical care (Fichman, Kohli & Krishnan 2011). 
3) Financial and Administrative Transactions 
The applications of e-health for financial and administrative transactions refer to 
those information systems dealing with routine financial and administrative 
transactions for healthcare organizations. Those systems mainly include hospital 
information system and hospital resource planning system. 
The primary functions of Hospital Information System (HIS) are the transition of 
billing and medical order (Grandia & Should 2017). The adoption of HIS system 
make healthcare institutions can dealing with the financial transactions more 
efficiently and can save a lot of cost compared with the traditional process (Cutler, 
Wikler & Basch 2012). Nowadays, the adoption of emerging technology such as 
wireless network and mobile payment technology make it more convenient for 




Healthcare Resource Planning (HRP) system is Enterprise Resource Planning 
systems used by healthcare organizations (Merode, Groothuis & Hasman 2004). 
The HRP system is a highly integrated system within the hospital. Hospital 
information flow, logistics and financial flow are interconnected to provide 
comprehensive, timely and accurate data for managers' decision-making. It has 
been used by many medical institutions as a platform for strategic and operational 
management of hospital resources planning (Kontio et al. 2014). This kind 
information system can provide efficient and high quality management of hospital 
as it covered some important activities including medicine and materials 
management, finance and human resources (Adwan et al. 2013). 
2.2.2 Mobile Health (M-health) 
Global Observatory for e-Health of World Health Organization (WHO) has 
defined Mobile health (M-health) as “medical and public health practice 
supported by mobile devices, such as mobile phones, patient monitoring devices, 
personal digital assistants and other wireless devices” (WHO 2011, p. 6). In recent 
years, many people own smart mobile phone or other portable equipment and the 
number are growing exponentially. Not only the number but also the achievable 
features which was impossible for handheld devices previously also have been 
achieved rapidly due to dramatic expansion of related mobile technology (Putzer 
& Park 2010). Therefore, the use of mobile technology for both health 




all sectors of the health economy. M-health has offered consumers of various ages 
and health status an assortment of help, including mobile individual health record 
system and online family medical device (Martei et al. 2017). The four key targets 
of M-health applications are improving patient care, cost reductions, increasing 
medical service quality and promoting research and education (Wickramasinghe 
& Goldberg 2009).   
For example, some mobile reservation system for outpatients to make 
appointment with physicians easily can improve patient care. Some chronic 
disease monitoring and management applications use sensors and wireless 
networks which detect the vital signs anytime and anywhere and therefore can 
provide reminder without delay. This can both reduce the cost and improve 
medical service quality. Some mobile remote consulting applications can 
empower patients with the sufficient information quickly will also reduce the cost 
and improve medical service quality. There are also some m-health applications 
for promoting healthcare research and education such as mobile enquiry system 
providing immediate access to related resources with handheld devices (Doswell 
et al. 2013). 
The common related technologies used by m-health technologies include mobile 
electronic devices, wireless networks, identification technology and wireless 
sensor technology. The laptop, tablet PC, personal digital assistants (PDA) and all 




al. 2010). The wireless communication technology such as Wireless Local Area 
Network (WLAN), Wi-Fi (radio LANs at 5 GHz) and Bluetooth technology make 
the network be extended in a more cost-effective way (Dar et al. 2010). Radio 
Frequency Identification (RFID) technology and barcode technology have been 
used to identify medications, patients and medical staff (Yao, Chu & Li 2012). 
Wireless sensor technology can be adopted in automatic detection of related 
physical data for better disease management (Alemdar & Ersoy 2010).  
Although it is realized that many m-health applications have the ability of 
decreasing medical costs and promote the quality of medical service, the effects of 
using mobile health applications depend largely on the buy in of medical 
professionals and patients. In other words, the user acceptance of both the 
healthcare staff and the public for m-health applications are critical in achieving 
satisfied results (Perry, Henderson & Grealish 2018). It was demonstrated that the 
effectiveness, user-friendliness, cost issues, interoperability and technology 
support are all important factors influencing the adoption by medical professionals 
(Gagnon et al. 2015). 
On the other hand, there are still many problems that need to be evaluated when 
utilizing m-health applications. First of all, m-health as a kind of new technology 
cannot achieve entire automation of healthcare delivery (Varshney 2014). For 
many m-health applications, some key process is still rely on the involvement and 




the patient's health. Furthermore, suitable policies and frameworks need to 
developed in response to the privacy and security issue when embrace the 
convenience brought by m-health applications. Another problem need to be 
considered is that the utilization of mobile devices would increase the frequency 
of interruptions and multitask towards medical staff and this might even direct to 
the occurrence of medical errors (Patel et al. 2008).  
2.3 Medical Error and Information Technology 
Every year, a large number of patients with serious injuries or deaths and greatly 
increased cost are due to medical errors all around the world (Andel et al. 2012; 
Riga, Vozikis & Pollalis 2014). Therefore, how to reduce medical errors is critical 
for clinicians and the wider community. In recent years, how to use information 
technology to minimize the occurrence of medical errors is an attractive field, and 
there is many successful examples in this area (Chung, Guo & Abam 2013; 
Pandey & Bhatt 2007). As stated by Radley et al. (2013), 48% medical errors can 
be decreased by the adoption of Computerized Physician Order Entry (CPOE) 
systems for doctors to prescribe medical orders. The utilization of electronic 
medical record (EMR) system can also help the healthcare professionals to 
identify and avoid medical errors through the rapid and accurate access to 
information of patient and medication (Dabrh et al. 2016). 
The following subsection 2.3.1 introduces the concept of medical error and the 




medical errors and improve patient safety. The last subsection shows the outcomes 
to reduce medical errors using e-health applications.  
2.3.1 Medical Errors 
The term "error" in medical field is utilized to refer to all the medical incidents 
which brings injure to patients. Medical errors are always closely related to 
human factors in the field of medical service delivery (Gurses, Ozok & Pronovost 
2011). Medical error are defined as "negligence or delegation that results in or 
may result in unexpected results in planning or execution" (Grober & Bohnen 
2005, p. 42). Medical error is also one of the main reasons of morbidity, mortality 
and increased health expenditure (Freund et al. 2015). The damage due to medical 
errors is enormous and can be divided into two parts: the first one is the direct 
physical hurt toward the patients who is involved in the medical errors. The other 
one is the indirect damage towards the whole society owing to the huge financial 
burden as a result of the high medical expenses for the sake of handling the 
medical errors (Kumar & Steinebach 2008).  
As the importance of medical errors is very clear, countries all over the world 
attach great attention to the reporting and controlling of medical errors and many 
countries have relevant statistics data. According to the well-known “To Err Is 
Human” report, about 44,000 to 98,000 patients died each year from preventable 
medical errors, and the overall expenditure of the United States was around $17 




Neale and Woloshynowych (2001) adopted a retrospective method of checking 
medical records of patients in British hospitals. They found that about 11% of 
patients in the research had encountered medical errors. Schiøler et al. (2001) 
evaluated the occurrence of medical errors in Denmark, and found that about 9% 
of the hospitalized patients were reported to experience medical errors. According 
to this research, the majority of medical errors resulted in slight and short-term 
disabilities, whereas there were a small number of deaths or permanent disabilities. 
At the hospitals of New Zealand, about 10.7% of the 1326 medical records 
detected medical errors (Davis et al. 2001). These data shocked everyone and 
initiated research on how to reduce medical errors.  
Unfortunately, after many years of efforts from both academic and operational 
level, the situation has not changed dramatically. In 2008, the annual measurable 
cost caused by medical errors was $19.5 in America (Andel et al. 2012). In 2009, 
there were 2.9%-3.7% patients suffered for the injury caused by medical errors 
(Stefl 2009). The statistic number in other countries is also very impressive. The 
average compensation amount towards medical errors is around €292,613 in 
Greece (Riga, Vozikis & Pollalis 2014). WHO has collected a lot of information 
about patients from the world since 90s of last century. These data mainly come 
from developed countries for example Britain, Australia, America, New Zealand 
and Canada. The statistics data shows that there were around 4% inpatients got 
harmed by clinical treatment in New York State of United States. Among them 70% 




14% of these patients even died caused by their clinical treatment (WHO 2004). 
Similar findings for other countries were reported and the harm towards patients 
included slight disability and severe injury. In Australia there were 16.6% 
inpatients got harmed (about half of them can be avoided); in Britain there were 
10% inpatients got harmed (about half of them can be avoided); in New Zealand 
there were 12.9% inpatients got harmed (about 35% of them can be avoided); in 
Canada there were 7.5% inpatients got harmed (about 36.9% of them can be 
avoided) (WHO 2004). According to the “Health Care in Canada” report, around 
5.2 million Canadians have encountered preventable medical errors, whether with 
themselves or their family members (Pham et al. 2012). The Quality of Australian 
health care (QAHC) research presented that there are 16.6% of the inpatients had 
the experience of medical errors. Among the injured patients, around 5% died and 
14% had lifelong disabilities (Kalra & Kopargaonkar 2017).  
China is a big country with a population of 1.4 billion. As stated by National 
health commission of the People's Republic of China (2017), in Jan～Nov. 2016, 
the overall number of inpatients in the country was around 7.09 billion, and the 
number of people leaved from the medical institutions had reached 199.129 
million. China started late in the management and reporting of medical errors. In 
2008, the Ministry of Health's Hospital Management Evaluation Guide (2008 
Edition) put forward clear requirements for the hospital medical quality and safety 
management and continuous improvement: hospitals should establish relevant 




adverse medical event (Ke & Tao 2012). But in the case of medical errors, there is 
no reliable official data for the time being and if calculated according to the ratio 
of 3.7% - 16.6% calculated by WHO, around 7.368 - 33.055 million Chinese 
inpatients perhaps got harmed by medical errors in Jan. - Nov. 2016 (Zhang 
2010). 
Medical errors are almost inevitable in all the clinical process. Although many 
medical errors are small, their occurrence is closely related to the incidence of 
disease, mortality rate and the growth of medical expenses of the patient, which 
may lead to lawsuits and disputes, harm the medical environment and social 
harmony (Brennan & Monson 2014). Small medical errors may cause the patient's 
illness to become longer or get worse, increase the patient's physical, 
psychological and economic burden. Serious medical errors may cause the patient 
to be physically disabled, dead, or even cause a large scale infection in the 
hospital. Medical errors can lead to doctor-patient disputes, reduce the trust of 
patients and their families to medical staff, or even cause bad public opinion, 
affect social stability and solidarity. In addition, in the course of medical errors, 
medical professionals will also have psychological and emotional distress, and the 
serious cases may even affect their medical career (Chen et al. 2013).  
2.3.2 Interventions to Reduce Medical Errors 
There were up to 10% of inpatients who suffered from medical accidents, among 




errors are caused by fundamental mistakes (Wood, Mahoney & Cooper 2009). 
The world is searching for ways to eliminate the occurrence of medical errors. 
There are many kinds of interventions trying to reduce medical errors involved all 
the aspects and all the stakeholders of healthcare delivery field (Woodward et al. 
2010).  
In order to investigate efforts towards eliminating medical errors, the concepts of 
‘latent errors’ and ‘near misses’ should also be mentioned beforehand. The 
fundamental causes of errors can be classified to two major types: active errors 
and latent errors (Carthey, de Leval & Reason 2001). Active errors refer to 
dangerous actions or conditions which has a straight influence on the occurrence 
of medical error whereas latent errors refer to those potential vulnerability or 
defect which will cause errors in some situation (Reason 2016). The various latent 
errors within and outside the organizations can typically be divided into four kinds: 
organizational errors, regulatory errors, supervisory errors and operational errors 
(Aini & Fakhru’l-Razi 2013). The healthcare industry is complicated, and the 
medical process is very complex, therefore there are many inevitable latent errors 
(Ash, Berg & Coiera 2004). The common latent errors in healthcare field are 
vulnerability of rules and regulations, unworkable procedures, flaws of medical 
equipment, flaws in medical process, lack of maintenance, underlying disease, 
lack of high qualified medical personnel, fatigue of staff, insufficient training and 
many other problems (Boysen 2013). In most cases, the occurrence of medical 




errors and triggering event. The triggering event may be an emergencies action, 
but the latent errors may have already existed for a long period without notice.  
As stated by Van der Schaaf, Lucas and Hale (2013, p. 5), “A near miss is any 
situation in which an ongoing sequence of events was prevented from developing 
further and hence preventing the occurrence of potentially serious (safety related) 
consequences”. If a wrong situation is detected early and some recovery actions 
are done timely, then it will turn to near miss situation instead of medical error. 
However, because near miss does not cause real harm, its importance is likely to 
be ignored. Therefore reporting near miss is very important and should be 
encouraged and the collection and analysis of near miss reports have important 
guiding significance for risk identification and management (Cure, Zayas-Castro 
& Fabri 2011). When investigating actions to reduce medical errors, latent errors 
and near miss are also important aspects which should not be neglected. 
The root cause of medical errors usually have close connection with management 
factors such as system breakdown of whole institution, issues from leaders at all 
levels and behavioral aspects from all individual stakeholders (National Quality 
Forum 2010). Therefore medical errors are always avoidable and 34 suggested 
practices categorized in seven content areas were proposed in the Safe Practices 
for Better Healthcare report issued by the National Quality Forum. All the seven 
main categories including detailed practices for suggested interventions to 




1. Creating and sustaining 
a culture of safety  
Safe Practice 1: Leadership Structures and Systems 
Safe Practice 2: Culture Measurement, Feedback, and 
Intervention 
Safe Practice 3: Teamwork Training and Skill Building 
Safe Practice 4: Identification and Mitigation of Risks and 
Hazards 
2. Informed consent, 
life-sustaining 
treatment, disclosure, 
and care of the caregiver 
Safe Practice 5: Informed Consent 
Safe Practice 6: Life-Sustaining Treatment 
Safe Practice 7: Disclosure 
Safe Practice 8: Care of the Caregiver 
3. Matching healthcare 
needs with service 
delivery capability 
Safe Practice 9: Nursing Workforce 
Safe Practice 10: Direct Caregivers 
Safe Practice 11: Intensive Care Unit Care 
4. Facilitating information 
transfer and clear 
communication 
Safe Practice 12: Patient Care Information 
Safe Practice 13: Order Read-Back and Abbreviations 
Safe Practice 14: Labeling Diagnostic Studies 
Safe Practice 15: Discharge Systems 
Safe Practice 16: Safe Adoption of Computerized Prescriber 
Order Entry 
5. Medication management Safe Practice 17: Medication Reconciliation 
Safe Practice 18: Pharmacist Leadership Structures and 
Systems 
6. Prevention of 
healthcare-associated 
infections 
Safe Practice 19: Hand Hygiene 
Safe Practice 20: Influenza Prevention 
Safe Practice 21: Central Line-Associated Bloodstream 
Infection Prevention 
Safe Practice 22: Surgical-Site Infection Prevention 
Safe Practice 23: Daily Care of the Ventilated Patient 
Safe Practice 24: Multidrug-Resistant Organism Prevention 
Safe Practice 25: Catheter-Associated Urinary Tract 
Infection Prevention 
7. Condition- and 
site-specific practices 
Safe Practice 26: Wrong-Site, Wrong-Procedure, 
Wrong-Person Surgery Prevention 
Safe Practice 27: Pressure Ulcer Prevention 
Safe Practice 28: Venous Thromboembolism Prevention 
Safe Practice 29: Anticoagulation Therapy 
Safe Practice 30: Contrast Media-Induced Renal Failure 
Prevention 
Safe Practice 31: Organ Donation 
Safe Practice 32: Glycemic Control 
Safe Practice 33: Falls Prevention 
Safe Practice 34: Pediatric Imaging 





1) Creating and sustaining a culture of safety 
First of all, as illustrated in other high-risk industries for example the aviation 
industry, a ‘culture of safety’ has been recognized to be the foundation of 
eliminating medical errors (Tsao & Browne 2015). As stated by the U.K. Health 
and Safety Commission, the concept of safety culture is defined as “the product of 
individual and group values, attitudes, perceptions, competencies and patterns of 
behavior that determine the commitment to, and the style and proficiency of, an 
organization’s health and safety management” (Gadd & Collins 2002, p. 2). The 
related content includes establishment of leadership structures and systems which 
guarantees that everyone knows the safety problems, leaders responsible for the 
investment of corresponding improvement actions. The second practice is culture 
measurement, feedback, and intervention which means the established safety 
culture needs continuous assessment, feedback and development through the 
whole organization in order to make the culture really suitable. The third one is 
teamwork training and skill building. Clinical treatment process involves many 
clinical professional roles so the success cannot depend on one individual. 
Therefore teamwork training is as important as skill education for patient safety. 
The next one is the detection and mitigation of risks with overall considerations so 
as to reduce medical errors. A safety culture in healthcare emphasis trusts among 
workers in an medical institution trust and empowers medical professionals to 
report risks, near misses and latent errors (Tsao & Browne 2015). Various 




requiring healthcare personnel to voluntarily report medical errors in the medical 
process. In 2003, an adjustment of to the Public Health Safety Act was made in 
America. In the new act, healthcare institutions were required to report medical 
accidents towards the organizations of patient safety (Milch et al. 2006).  
2) Informed consent, life-sustaining treatment, disclosure, and care of the 
caregiver 
The concept of informed consent, life-sustaining treatment and disclosure are all 
focus on the communications and notification between the patients and the 
caregivers and this is very important aspect for patient safety. These practices 
make sure that the patients been informed the exact context and expected and 
unanticipated outcomes of the planned clinical treatments, their preferences for 
life-sustaining treatment been documented. Care of the caregiver refers to 
systematic care given to the related caregivers who involved in the medical errors 
and they may have psychological and emotional distress and also need treatment 
such as psychological counseling (Edrees et al. 2011). 
3) Matching healthcare needs with service delivery capability 
This aspect refers to those activity intended to ensure the service delivery 
capability of healthcare institutions could match the medical needs from patients 
not only from the economic perspective but also from the human resource aspect. 




staff including the physicians, the nurses, the pharmacist and other medical 
professionals with high quality and sufficient quantity.  
4) Facilitating information transfer and clear communication    
Timely and accurate information transmission and clear communication among all 
the stakeholders are vital for the patient safety. The information of patients and 
medical orders should be transferred through the whole medical processes without 
delay and mistake. The process of all kinds of medical examinations should 
follow the unified diagnostic standard to ensure the accurate results. Discharge 
systems make the patients informed the related discharge information of the key 
issues in the medical process and ensure the post discharge care be delivered if 
necessary. In order to promote accurate and timely information transmission 
Computerized Physician Order Entry (CPOE) system usually is implemented.  
5) Medication management 
Medication management is very important in the clinical process. Pharmacist 
leadership structures are the basis of effective medication management and all the 
detailed information for every medication order should be transferred through the 
whole healthcare organization in a timely and accurate manner to ensure safe 
medication. 




The concept of healthcare-associated infections refers to those infections taking 
place when the patients accept medical treatment in the healthcare institution, so 
the prevention is very meaningful for the improvement of medical quality. There 
are concise standard guidelines for the prevention of various health-related 
infections, including hand hygiene, influenza avoidance, vital line-related 
bloodstream infections, surgical site infections, routine care of ventilated patients, 
multidrug-resistant biological prevention and catheter-related urinary tract 
infections avoidance. Medical organizations should have education and 
supervision mechanism for those healthcare associated infections prevention. 
7) Condition- and site-specific practices 
In some conditions, patients will be exposed to the risks of harm of side effects or 
adverse events when they accept some kind of clinical treatment. This part 
includes the prevention of such injuries, such as the wrong position, the wrong 
process, the wrong operation prevention, venous thromboembolism prevention, 
anticoagulation therapy, pressure ulcer prevention, contrast media-induced renal 
failure prevention, organ donation, blood sugar control, fall prevention and 
pediatric imaging. There are clear standard guidelines for healthcare institutions 
and clinical professional to follow the prevent these kind of medical errors 
(Lameire, De Vriese & Vanholder 2003). The important thing is continuous 
education, measurement and improvement are necessary for the prevention at an 




2.3.3 The Outcome of E-health toward Medical Errors 
Information technology has been adopted in healthcare industry for a long period 
and e-health systems could reduces the occurrence of medical errors to a certain 
extent (Clifford 2006). Electronic health is a challenge which have a positive 
impact on patients of the medical responsibility, common decision-making 
processes, and overall patient management and will in order to achieve better 
medical outcomes and to improve the relationship between patients and health 
care professionals (Dedding et al. 2011). Electronic health applications can 
decrease the cost of healthcare services (Chaudhry et al. 2006). The emerging 
telemedicine and personal healthcare record systems could promote access to 
medical services, improve patient autonomy and decision-making ability, 
eliminate medical errors and reduce unnecessary care regardless of their 
geographical location (Blaya, Fraser & Holt 2010). E-Health also could enable the 
collaboration between health service providers from different medical institutions, 
enabling patients to benefit from better health care and thereby help patients 
recover (Clifford 2006). From another point of view, considering the restrictions 
on the number of doctors and nurses worldwide, especially in China, the problem 
is more serious than in developed countries (Clifford 2006). It will be an 
important research direction for doctors and nurses to explore new information 
technology and solutions in the environment of increasing reliance on information 
systems. At present, the use of clinical information system and appropriate 




doctors and nurses (Wen et al. 2017). Doctors and nurses generally acknowledge 
that they will actively identify each other's clinical information with the use of 
information systems. Emerging technologies can promote patient safety and work 
efficiency (Wen et al. 2017). 
In order to eliminate medical errors, it is recommended that more attention should 
be paid on the assessment and inspection of the medical management process 
(Agrawal 2009). This procedure includes different roles of work, doctor's 
prescription, nurse's transcription, pharmacist's dispensing and nurse's 
management. As showed in Table 2.2 (Agrawal 2009), the error rate, the intercept 
rate and the true error rate are different among the different medication 
management stages and there are information systems that contribute to reduce 
the medical errors in different stages. 
 
Table 2.2 Stages, Error Rates, and Information Systems in Medication 
Administration (Agrawal 2009) 
Because the error rate of every stage and the different degrees of intervention by 
various information systems towards medication management differs, the 
contribution to the reduction of medical errors also differs (Poon et al. 2010). As 




decision support functions reduced 55% of the ordering error; through the barcode 
recognition system of pharmacy, 67% errors in dispensing can be reduced, and 
then 51% errors in dispensing can be reduced by the barcode electronic drug 
record system, and furthermore all the transcriptions errors were avoided with the 
adoption of EMR system (Poon et al. 2010). 
 
Figure 2.1 Effect of IT at Main Stages in the Medication Administration (Poon et 
al. 2010) 
Many factors may lead to medical errors, among which “written” errors are a 
major concern and the electronic medical record (EMR) system can effectively 
reduce the "written" errors of medical staff, shorten their time to write medical 
documents and improve their work efficiency (Li et al. 2012). In the United States, 
the utilization of electronic medical records is a compulsory standard. Patient 
safety considerations, cost-benefit studies and medical legal pressures all 




various medical service providers (Dabrh et al. 2016). The greatest advantage of 
electronic medical records is that it is convenient to use and to obtain important 
information of patients and medical professionals, and ultimately helps to better 
healthcare delivery. The ability to quickly and accurately acquire patients' medical 
data and communicate them with patients can even save lives. Recently, Medicare 
and Medicaid Service Centers have emphasized the ability to use electronic 
medical records through meaningful incentive schemes (Elliott 2012).  
Error reporting systems (ERS) are also an effective attempt of e-health system 
towards reducing medical errors. Voluntary error reporting systems (ERS) were 
constructed to report errors in healthcare delivery field. China started late in the 
management and report of adverse medical events. The Chinese Ministry of 
Health's Hospital Management Evaluation Guide (2008 Edition) put forward clear 
requirements: hospitals should establish relevant adverse medical event reporting 
system and the medical staff cannot conceal or omit adverse medical event (Ke & 
Tao 2012). Hospital-based electronic error reporting system (e-ERS) can promote 
voluntary reporting of various types of medical errors by the means of ease of use, 
accessibility, real-time review, monitoring and intervention. In addition, e-ERS 
can capture latent errors and near miss so as to further understand the system 
processes that need to be refined to help reduce the possibility of medical errors 
(Ramírez et al. 2015). 




the process may lead to medical errors from another perspective. The IOM's 
second report named “A New Health System for the 20th Century” crossing the 
Quality Chasm indicates that improved report for the medical errors have lead to 
enhanced system design, thereby reducing medical errors. The report also 
elaborates on the need for greater attention to systems that help to avoid and 
mitigate medical errors so as to reduce risks and ensure security. Some people 
believe that unless a safer system is designed considering human factors, it will be 
almost impossible to achieve patient safety. Consequently, it is recommended that 
medical errors should be viewed from a integral perspective to assist effective 
improvement in the provision of safe healthcare service (Kalra & Kopargaonkar 
2017).  
2.4 Closed-loop Medication Administration 
Since medication administration contains several steps involving multiple 
departments and several kinds of clinical professionals including the doctors, 
nurses, pharmacists and other related clinical staff. This is one of the most 
comprehensive nursing delivery processes in hospitals. Because clinical staffs are 
doing their own work at different times and places, if there is no comprehensive 
and coordinated management in the whole medication process, it will increase the 
occurrence of many information gaps, technical gaps, human communication gaps 
in work flow so as to lead to potential medical errors (Bargren & Lu 2009). 




integrated, accurate and timely manner to all the related medical professionals 
with the intention that they can identify all the possible gaps and bridge the gaps 
to prevent the occurrence of potential medical errors (Pingenot, Shanteau & 
Sengstacke 2009). Another key issue in the success of the medication 
administration is to record in a timely manner with the intention that the wrong 
point can be traceable and identified afterwards when medical error occurs 
(Pingenot, Shanteau & Sengstacke 2009). As a result, the lessons could be learned 
and the same mistake could be avoided in the future. 
Closed loop medication is one of the best practices in hospital medication 
management (Hwang et al. 2016). Closed-loop medication ensures that the drugs 
and patients are validated in every step of medication administration from 
prescribing medication by the doctors to the moment that the medication is taken 
by the patients are all recorded and can be traced (Hwang et al. 2016). The first 
key aspect of closed-loop medication is the utilization of proper technique for 
identification. For instance, the correct medicine is ensured by scanning the 
barcode on the drug, and the correct patient is determined by scanning the printed 
barcode wristband. Another critical feature is that all the relevant information 
(including the nurse, the patient, the time, the dose and the route) should all be 
properly documented so that the entire medication process to be restored. Usually 
only the process of prescribing by a doctor has been recorded, and the subsequent 
process has not been recorded and tracked (Hwang et al. 2016). However when 




entries is documented and shared in each step of medication administration 
(Hwang et al. 2016). As a result, when mismatched information is identified by 
the system, the possibility of medical errors can be eliminated and the vigilance 
against errors can be increased rapidly.   
Subsection 2.4.1 introduces the whole process of medication administration and 
then the next subsection 2.4.2 explains the concept of closed-loop medication 
administration. The last subsection 2.4.2 describes the common technology with 
the aim of achieving closed-loop medication administration.     
2.4.1 The Lifecycle of Medication Administration 
Medication administration refers to the administration of the whole process of 
clinical medication orders execution (Bargren & Lu 2009). International studies 
indicate that medication errors account for 30% to 50% of all medical errors, and 
are considered to be the biggest components of medical errors (Landrigan et al. 
2010)．Therefore, in order to reduce medication errors and improve patient safety, 
the Joint Commission has defined “five rights” of medication management, such 
as right patient, right dose, right medication, right time and right administration 
route (The Joint Commission 2008). The main objective of medication 
administration is to realize the five rights, that is to say, the right patient take right 
medicine at the right time with correct route and correct dosage (Agrawal et al. 
2009). The key members of the medication administration team include 




the pharmacy and therapeutics committee, representative of medicine safety 
committee (Rich 2004). 
Under normal circumstances, the life-cycle of clinical medication administration 
includes at least a few steps such as doctor's prescriptions, doctor's advice, 
pharmacy dispensing, nurse's medication and drug monitoring (Moore et al. 2015). 
In America, Britain and other developed countries, the process of medication 
administration for inpatients includes medical orders, pharmacists' audit of 
medical advice and rationality of drug use, drug delivery, drug use by nurses and 
review of the process of drug use (Moore et al. 2015). The specific process is: 
doctors  prescribe orders of medication, the orders are sent to the pharmacy, 
pharmacist examine the rationality of drug use, pharmacist confirm review and 
preparation and preparation of drugs, drug delivery to the corresponding ward, 
drug delivery and observation of patients' reaction after drug use, accurate 
recording of drug information and patient response to drugs (Zhu et al. 2017a). 
2.4.2 The Concept of Closed-loop Medication Administration 
The concept of closed-loop management was proposed by Robert S. Kaplan and 
David P. Norton in the 2008 article "Closed-loop management: from strategy to 
operation" (Kaplan & Norton 2008). Closed-loop management was also 
originated from plan–do–check–adjust (PDCA) theory. It is a kind of management 
method which combines closed loop system, management closed principle, 




closed-loop management could be divided into five stages: strategy formulation 
stage, strategy transformation stage, strategy implementation stage, supervision 
learning stage and test adjustment stage. These five stages were implemented 
repeatedly and continuously to improve the operation quality. 
With the enhancement of medical service quality, the patient safety concept and 
the development of hospital information systems, closed-loop management has 
been widely applied to the medical field. The so-called closed-loop medication 
administration refers the key steps of medical order execution should be digitized 
and the different execution steps in different medical information systems should 
be effectively interconnected and have information feedback (Pan et al. 2012). 
Medical information systems that may be involved in the execution of medical 
orders for various types of clinical treatment were including Hospital Information 
Systems (HIS), Radiological Information Systems (RIS), Picture Archiving and 
Communication Systems (PACS), Laboratory Information Systems (LIS), surgical 
anesthesia information system, intravenous fluid management system and mobile 
nursing system (Rinsler 2003). The above information systems were responsible 
for different parts of the medical order execution process (Hao et al. 2010). These 
hospital information systems are linked by medical order process, connected by 
integrated technology, and closed-loop implemented by Internet of Things, 
automation and mobile technology (Hao et al. 2010). 




patients, identify the medicine, ensure the time, dose and the form so as to make 
sure the correct administration (Lenderink & Egberts 2004). 
2.4.3 The Technology to Achieve Closed-loop Medication Administration 
Recently, with the research and development of electronic medical records and 
mobile medical system, medical information systems have been able to realize the 
whole medical process of closed-loop management, and these systems are 
becoming more intelligence, safety and operability (Agrawal 2009). In order to 
close the loop of the whole process of medication administration, several key 
aspects should be realized: patient identification and medical staff identification, 
detailed records of reasonable orders, correct drug preparation and delivery, 
accurate records of medication administration (Liu et al. 2017). Correspondingly, 
closed-loop medication administration requires clinical information work and 
related technical support (Liu et al. 2017). 
Hospital can apply bar code wristband technology or RFID to use the information 
as the only identification of patients in hospital (Wang 2010). Nurses wear a bar 
code identification card and use mobile workstations to identify patients. The 
dispensary introduces automatic dispensing system to integrate drug information 
and patient information (Yang & Li 2006). Knowledge base of Clinical Decision 
Support System (CDSS) can control the rules of safe medication administration to 
imply three grades of strength control according to the severity degree of the 




management and application monitoring of for example antibacterial drugs 
classify antimicrobial agents and ask doctors to choose the purpose of drug use if 
doctors prescribe orders of antibacterial drugs. When doctors prescribe orders of 
restricted antibiotics and special antibiotics, systems could remind doctors of 
microbiological culture, if doctors want to refuse, they shall give reasons (Zhang, 
Wang & Xiong 2014). PDCA continuous improvement mechanism based on -data 
analysis can find the abnormal fluctuation of drug monitoring indicators through 
monthly analysis and further analyze the cause of the problem, then formulate 
effective and feasible countermeasures, form improvement plans.  After the 
implementation of the improvement plan, the results are evaluated again through 
statistical analysis of indicators (Zheng et al. 2018). 
The closed-loop formed for all steps of the medication administration can lower 
the adverse events in the course of clinical drug use (Liang & Hao 2014). Pan 
Hongying and other investigations found that after the closed-loop medical advice 
management was carried out, the approximate interceptor rate of drugs usage error 
decreased from 9.89 per thousand people to 7.93 per thousand people (Pan et al. 
2012). The nurses scanned the patients wristband with the PDA to check the 
patient's identity, and the coincidence rate of the correct rate of medical advice 
and the record of medical education was more than 99% (Pan et al. 2012). The 
rate of drug delivery was reduced from 0.51 to 0.42 per thousand per thousand per 
day; the error rate of drug use decreased year by year since the application of 




Capital Medical University Xuanwu Hospital (Han, Wei & Wang 2015). 
According to the data of China Hospital Informatization Survey from 2014 to 
2015, although a lot of medical information systems were adopted in hospitals in 
China, only 27.19% of the total hospitals had implemented the mobile nursing 
system, which means that the mobile nursing system was only applied to a small 
number of hospitals in China (Zhu & Li 2016). However, since the mobile nursing 
system is one of the most basic elements in the closed-loop medication 
administration, it can be seen that most hospitals in China have not yet 
implemented the basic required system for closed-loop medication administration 
(Lenderink & Egberts 2004). 
The concept of closed-loop medication and the related technologies has been 
introduced in this section. It is noticeable that nurses act as an central role in the 
entire closed-loop medication process (Jennings, Sandelowski & Mark 2011). 
Therefore, nursing care has been introduced in the next part. 
2.5 Nursing Care 
Nurses are one of the most important part in healthcare institutions because the 
number of nurses is the largest in healthcare institutions and they spend most of 
their time directly for patients (Ehsani et al. 2013). As a result, nurses are more 
likely to be involved in the occurrence of medical errors and detect the potential 




especially mobile technology in nursing care field had significant influence 
towards the outcome of healthcare delivery (Barton 2010). 
The following subsection 2.5.1 describes the relationship of medical error and 
nursing care and subsection 2.5.2 introduce mobile nursing system with the 
purpose of improving clinical service quality and make nurses working more 
efficiently. 
2.5.1 Nursing Care and Medical Error 
There is no doubt that nurses act as an central role in the entire procedure of 
medical service in healthcare institutions, including the medication management 
process (Ehsani et al. 2013). Nurses' work is often unpredictable and involves 
approximately all the drug management processes. In addition, they should 
communicate with all the other related medical professionals such as doctors and 
pharmacists (Manias, Aitken & Dunning 2010). In addition, nurses spend most of 
their working hours with patients, so it is possible for them to find any potential 
injury to patients due to medical errors and thus prevent the occurrence of medical 
errors (Lewis, Baernholdt & Hamric 2013). It is demonstrated that there is close 
correlation between high quality registered nursing workers and the low 
occurrence rate of medical errors (Kendall-gallagher & Blegen 2009). The job of 
nurses is vital in pursuing high quality and safe medical service and the time they 
spend on caring patients, the proportion of job provided by registered nurses and 




(Twigg, Duffield & Evans 2013). 
Nursing care has three types of continuity: Information continuity refers to the 
access of patient information and medicine information to provide appropriate 
nursing care. Management continuity means reliable and consistent management 
responsible for patients' different needs and relational continuity refers to the 
continuity of relationship among patients and the related medical professionals 
(Haggerty et al. 2003). Lack of knowledge, inefficiency and inadequacy of 
information transmission, insufficient and ambiguity communication among all 
the related medical staff and patients, and disintegrated information systems are 
all interrupting aspects of continuity of nursing job (Hall et al. 2010). The 
continuum nursing care process towards patients is crucial to the safety of patients 
as the associated and coherent nursing care could bridge the discrete elements in 
the care process (Thraen 2013). From a nurse's viewpoint, continuous nursing care 
refers to that they have sufficient expertise in clinical treatment, easy access to 
patient information and seamless collaboration with other medical staff (Xie 
2013). Therefore, the main gaps which have high level of possibility of error 
occur should be focus on when refining the nursing care process and designing 
information systems to promote the safety of patients (Chanyagorn, 
Kungwannarongkun & Chanyagorn 2016). 
Since many mistakes are caused by the gaps in nursing care and nurses stay with 




be detected, managed and eliminated by nursing staff that are highly educated 
(Lewis, Baernholdt & Hamric 2013). But in contrast, the shortage of qualified 
nurses is a widespread problem around the world (Meleis 2005). Although 
America has the largest ratios of nurses to population which is 11.1:1000 in 2011, 
but there still will be a shortage of around 193,000 by 2020 (Carnevale, Smith & 
Gulish 2015). In China, the situation is even more severe as the there were only 
1.65 million registered nurses and the ratios of nurses to population was only 
4.06:1000 (National Bureau of Statistics of China 2008). But the growth and 
training of nurses is a relatively long period, and the possibility of medical errors 
is high if there are more novice nurse caring the patients lack of critical thinking 
skills and experience (Saintsing, Gibson & Pennington 2011). The number of 
qualified nurses could not be increased in a short term, some efforts should turn to 
the aid of new technology to obtain high quality medical care (O'Neil 2003).  
2.5.2 Mobile Nursing Information System 
M-Health is a fast-growing area that utilize mobile technologies including mobile 
smart phones, wireless network and portable devices to support the pursuit of 
health care goals (Olla & Shimskey 2015). In China, most medical services are 
carried out in hospitals. Mobile medical service is significant for offering efficient 
and high-quality healthcare services (Xie 2013). In order to meet the requirements 
of the new medical reform in China, it is important to set up a national wide 




by ubiquitous access, quality assurance at anytime, anywhere, on different 
terminals and consistent user experience. It is considered as one of the most 
important means to support the grand mission of graded medical system (Hu, 
Huang & Huang 2017). A lot of healthcare institutions are now adopting mobile 
health strategies or approaches into their medical technology infrastructure, and 
the technology should be strongly integrated with the medical service processes 
(Martinez 2012). 
The responsible part of nurses in the entire medical service process is the most 
complicated part to be monitored and more attention is needed to be paid than 
other jobs fulfilled by physicians or pharmacists (Russell 2010). There has already 
some information systems used to eliminate the errors caused by the job of 
doctors or pharmacists (Aron et al. 2011). For example, the application of 
Computerized Physician Order Entry (CPOE) system has the possibility to 
minimize medical errors, for example that the management process of medical 
orders with the adoption of CPOE system could result in a 12.5% reduction of 
medication errors caused by doctors, or save around 17.4 million cost caused by 
medication errors in the USA every year (Radley et al. 2013). The automated 
dispensing cabinets equipped by more and more hospitals can automate the 
medication dispensing process which is used to be done by pharmacists manually 
and can reduce the error rate of medication dispensing (Rochais et al. 2014). 
Consequently, the adoption of information technology in nursing care is 




medical errors (Waneka & Spetz 2010). The main challenge is incorporating 
sufficient representations of nursing care process into software applications 
(Delaney et al. 1992).   
Nurses need to perform their responsibilities to patients at all times and 
throughout the entire medical service process (Taylor et al. 2011). Although 
information systems have been proven to be capable of minimizing medical 
accidents and improving patient safety, they also add many document workload to 
the daily job of nurses to realize closed-loop medication administration 
(Ammenwerth et al. 2011). Mobile Nursing System is an effective tool for nurses 
to do their routine daily work. The system can supply a fast and simple way for 
the nurses to obtain the information they need and record the medical service they 
conduct without going back to the computers in the nursing office 
(Wickramasinghe & Goldberg 2009). Mobile nursing systems should not only 
turn the displayed information on a computer screen into the portable PDA or 
portable tablets (Wei et al. 2015) While improving medical service quality and 
efficiency, there are many opportunities to reduce medical errors (Xie 2013). 
Although it is really significant for the doctors to make decision on what kind of 
drug or other treatment should the patients take, the way nurses perform the orders 
will affect or even determine the effect of the clinical orders (Johansson, Petersson 
& Nilsson 2010). Therefore, using mobile nursing information system is 
significant to achieve a high quality healthcare outcome with high-efficiency and 




Petersson & Nilsson 2010).   
The adoption of a mobile nursing information system utilizes some emerging 
technology such as the Wireless Local Area Network (WLAN) technology, the 
Barcode technology and can bring some great opportunity to all the hospitals 
worldwide (Chang, Kuo & Lu 2015). With a tablet PC or a PDA, nurses can work 
more efficiently as they can record everything such as doing nursing assessment, 
scanning barcode or checking orders anywhere anytime to improve accuracy to 
guarantee the patient safety (Murdoch & Detsky 2013). As a result, the nursing 
staff would have more time to do medical treatment for the patients and 
communicate with the patients, instead of spending time on documentation of 
their tasks with the computers in the office after they have completed their clinical 
service (Li et al. 2014). More importantly, the nursing staff can take care for 
patients more safely, because the mobile nursing information system can achieve 
easier and accurate identification (Zhao et al. 2015).   
2.6 Clinical Decision Support System 
Clinical Decision Support System (CDSS) is an information system that can 
provide suggestions or directions at clinical points to improve the quality of 
medical services (Musen, Shahar & Shortliffe 2013). There are many types of 
clinical decision support systems; some are independent systems, others are 
embedded in existing information systems, such as Computerized Physician Order 




mining and machine learning technology, the ability of accurate diagnosis and 
treatment for clinical professionals has been improved (Obermeyer & Emanuel 
2016). There are many examples illustrated that with the help of clinical decision 
support system providing medical information and preventive care reminds 
clinicians that their performance improves when doctors make medication 
decisions (Musen, Shahar & Shortliffe 2013). It is suggested that the automatic 
provision of decision support, suggestions at nursing care points and 
computer-based automation support should be combined in to the clinical 
workflow, which will greatly improve the quality of nursing care with 
implementation of clinical information system (Bright et al. 2012). These forms of 
clinical decision support will continue to improve and enhance nurses' perception 
of hidden values in data (Murdoch & Detsky 2013). Therefore, some clinical 
decision support functionalities will be adopted in this mobile nursing system 
which can make the system to be a smart secretary of the nurses (Fathauer & 
Meek 2012). 
On the other hand, safety problems are the most important issue when 
implementing clinical decision support systems (Sanou 2014). ISO released a 
health software security risk classification (TS25238), pointing out that with the 
increasing number, type and complexity of applications, the potential hazards to 
patients are increasing (Kennedy 2017). The initial focus was on decision support 
systems, which had a clear risk of error, but now they have been extended to all 




applicable to all the information systems and software applications, supplemented 
by specific standards and guidance that integrate mobile technology (m-health), 
social media, decision support functions and other medical systems into practice. 
These tools can speed up the service of nurses (Guo 2017b). 
The following subsection 2.6.1 introduces the foundation of Decision Support 
System and Clinical Decision Support System. Subsection 2.5.1 is about the 
utilization of Clinical Decision Support System. 
2.6.1 The Foundation of DSS and CDSS 
In the past ten years, all walks of life to quickly realize the digitization (Mehta & 
Pandit 2018). Evidence based movement based on scientific inquiry and 
evaluation expert opinion is better than belief (Murdoch & Detsky 2013). In order 
to achieve better results, we must determine the best way to digitize large amounts 
of data (Castaneda et al. 2015). Analysis is a method of developing insight 
through the effective use of data and the application of quantitative and qualitative 
analysis (Islam et al. 2018). It can generate fact-based decisions for the purposes 
of “planning, management, measurement, and learning” (Islam et al. 2018). The 
extracted information from the large and complex data is obtained through further 
analysis, and can be converted into information to assist decision support (Islam et 
al. 2018). With the help of analysis, decision support system (DSS) was originally 
developed in 1976 to improve the efficiency of decision makers without infringing 




way for semi-structured business tasks (Kennedy 2017). With the advancement of 
information technology and the integration of multiple data sources, DSS 
applications begin to be realized beyond semi-structured business tasks (Kennedy 
2017). The application of DSSs in the field of medical information, including data 
mining, text mining and large data analysis, is helping medical professionals to 
predict, diagnose and treat diseases, thus improving the quality of services and 
reducing costs (Islam et al. 2018). 
With the increasing use of electronic health / medical records  (EHRs/EMRs), 
health care has undergone digital transformation; Healthcare Information Systems 
(HIS); Computerized Physician Order Entry (CPOEs) system; and handheld, 
wearable and smart devices (Mehta & Pandit 2018). The growing health care 
industry is generating a large number of useful data, including patient 
demographic data, health care plan data, payment data and insurance data, which 
are also attracting the attention of clinicians and scientists (Islam et al. 2018). This 
high-quality healthcare data offers potential value for optimizing care delivery, but 
it is still “perceived as a by-product of healthcare delivery, rather than a central 
asset to improve its efficiency” (Murdoch & Detsky 2013, p. 1351). Since 
electronic health data are still largely underutilized and wasted, the adoption of the 
system is only the first step to improve patient health care through medical 
informatics. It is necessary to convert the original data into meaningful and 




Unlike most consumer service industries, medicine uses a method of generating 
evidence from experimental (randomized) and quasi-experimental studies to 
inform patients and clinicians (Murdoch & Detsky 2013). In this way, the medical 
field is ahead of many other industries in recognizing the value of data and 
information and guiding rational decision-making (Murdoch & Detsky 2013). 
However, clinicians sometimes go wrong and make mistakes when facing 
complex cases because their knowledge cannot be synchronized with updated 
medical knowledge which is rapidly growing, while health care has fallen behind 
in uptake of the newest techniques to make full use of the rich information 
contained in EHRs and other medical informatics systems (Safran et al. 2007). 
The adoption of CPOE and EMR promotes this improvement, which improves the 
accessibility of clinical data and various loosely combined methods called clinical 
decision support systems (CDSS) (Lyman et al. 2010).  
In summary, the CDSS is “any electronic software artifact system designed or 
produced to aid directly in clinical decision making, which provides clinicians, 
patients and other end-users with computer-generated clinical knowledge and 
patient-related information, intelligently filtered or presented at appropriate times, 
to enhance patient care” (Bright et al. 2012).   
2.6.2 The Utilization of Clinical Decision Support System 
There are three main components of the CDSS, which are medical knowledge, 




better health processes, better individual patient care and better population health., 
CDSSs intelligently provide person-specific or population-specific knowledge or 
information at suitable time (Lyman et al. 2010). The end-users, typically 
including regulators, clinicians (physician, nurse, laboratory technologist, 
pharmacist), patients and pharmaceutical industries, thus benefit from CDSS 
(Kumar 2015).  
For regulators, agencies and associations, most of the CDSS have been shown to 
be useful to these policy makers, as long as the organizations wish and have the 
resources and expertise to implement a particular knowledge-based feature 
(Kuperman et al. 2007). The United States Food and Drug Administration (FDA) 
has created four rapid development and review of the project for drug serious 
diseases and biological agents (fast channel designation, breakthrough therapy 
designation, accelerated approval and priority review designation) (Justo et al. 
2018). These programs differ in terms of qualifying criteria, timing for request 
submission and features/consequences but all regard the CDSS as a necessary 
support to document the unmet clinical need, or the effectiveness of the standard 
of care (SOC) over which the new therapy has the potential to offer substantial 
improvement, or meaningful safety advantage over SOC, etc. In addition, FDA 
sometimes uses CDSSs for natural history studies and retrospective observation 
studies to support drug approval for rare or life-threatening diseases, thereby 




For clinicians and patients, incomplete clinical data and uncertain treatment 
results always make them face difficult choices (Jaspers et al. 2011). However, 
there are many different types of clinical tasks that can be supported by CDSS. 
From a systematic review of the literature, it can be seen that the performance of 
doctors has improved as a result (Kennedy 2017). Typical CDSSs include alerts, 
reminders, order sets, dosage calculations that automatically alert clinicians to 
take specific actions, or nursing summary dashboards that provide performance 
feedback on quality indicators (Bright et al. 2012). Automated reminders through 
CDSS have proven to be one of the most consistently successful ways to 
encourage clinicians to adopt evidence-based practices (Conway et al. 2018). A 
well-known and commonly used CDSS is a patient monitoring device (e.g. 
electrocardiogram or pulse oximeter), which is integrated into EHRs to warn 
patients of changes in their condition and alert them to changes in their condition. 
The system sends reminders or warnings to clinical staff when the patient’s 
condition deviates from the results of laboratory tests and generates lists for 
patients who are eligible for specific interventions. Then immunization or 
follow-up visit to the remind patients would be taken (Jaspers et al. 2011).  
There are also information retrieval tools, such as an "information" button 
embedded in the clinical information system, designed to help clinicians search 
and retrieve information sources in context-related knowledge such as UpToDate, 
Epocrates, and MD Consult, Contents extracted from refined primary medical 




meta-analysis or clinical guidelines) allow for the selection of content suitable for 
specific patients to facilitate decision-making in specific care situations (Bright et 
al. 2012).  
CDSSs embedded as components in EMRs and CPOEs can also support 
personalized therapy, calculation of allergies, adverse events and drug-X 
interactions (X can be drug, disease, or food), consider the whole patient's 
treatment process and condition from EHR, then improve in-patient and home 
medication, further process the latest clinical practice guidelines (CPGs) and 
update the knowledge base regularly (El-Sappagh et al. 2018). CDSSs support 
rather than hinder clinical workflow through available, fast and available 
algorithms that provide concise, concise, clear and operational warnings and 
recommendations (Kuperman et al. 2007). When a patient's condition is complex 
or rare, or medical practitioner's diagnostic experience, the current patient data is 
applied to previous patient data and complex algorithms to generate specific credit 
default swap recommendations, which can help to develop diseases that may be 
based on patient's diagnostic data and knowledge base systems (Kennedy 2017). 
Afterwards, the CDSS can formulate treatment suggestions based upon treatment 
guidelines (Jaspers et al. 2011). Knowledge-based CDSS can also improve drug 
safety and reduce drug-related expenditure, as it introduces automation when 
ordering, which is a key process in health care (Kuperman et al. 2007). Electronic 
order communication can be carried out instantly, accurately and reliably. 




credit default swaps review can ensure that the orders are safe, and in accordance 
with the guidelines (Kuperman et al. 2007).  
CDSSs are helping pharmaceutical industries in multiple ways (Justo et al. 2018). 
For pharmaceutical industries, the ability to quickly translate CDSS sources such 
as claim data or electronic medical records into evidence can help pharmaceutical 
companies become more efficient in drug development and more intelligent in 
commercialization, thereby improving patient health outcomes. Industry views the 
CDSS as an additional opportunity to demonstrate the value of medicines, for 
both the patient and the health system (Justo et al. 2018). In order to make better 
use of information technology, drug information repository suppliers cooperate 
with CDSS suppliers to implement knowledge management tools, so that drug 
information can be customized in version upgrade (Kuperman et al. 2007). 
Application vendors and repository vendors also work together to improve CDSS 
functionality by establishing and emerging standards, including concepts involved 
in knowledge representation and alert rules (e.g. standard cross-vendors, 
nationally recognized laboratories, drug identifiers, and concepts in history and 
physical examination) (Kuperman et al. 2007). CDSSs have been well used in 
pharmacology, pharmacy, pharmacogenomics and pathology to assess renal 
function, pregnancy status, repeat order entry, drug allergy testing. 
To prevent errors in drug dosage, drug-drug interaction, drug-pregnancy 




drug selection and dose are abnormal (Castaneda et al. 2015). 
2.7 Summary 
In this chapter, some detail information was presented through reviewing the 
related literatures. First of all, different healthcare structures have been introduced 
as this research is focus on solving problems in healthcare field. After that the 
issues and challenges faced by the society in this field was also stated such as the 
unbalanced situation between supply and demand. This chapter also highlighted 
the healthcare system and the situation in China because the case study is located 
in China. 
Secondly, the literature review has introduced the concept and some examples of 
e-health and m-health in section 2.2. E-health and m-health applications have 
been demonstrated the effect of improve the work efficiency and quality for 
healthcare practitioners. How to use e-health to promote high quality healthcare 
service is also presented in that section. 
Thirdly, the next section has offered details about medical error and information 
technology. The serious situation of the harm of medical error has been described 
through some data about medical error in different countries. Some guidelines of 
interventions to reduce medical errors are then presented and the outcomes of 
e-health solutions to improve patient safety are also described. 




highlighted, which is the importance basic information for this study because the 
research goal is to achieve closed-loop medication administration. In detail, the 
whole process of medication administration, the concept of closed-loop 
medication administration and the technology used to achieve closed-loop 
medication administration were presented in section 2.4. 
As the research is about the utilization of mobile nursing system, the next section 
is about nursing care and the role of information technology including mobile 
nurse system in nurse care. It is demonstrated that information technology is 
important tool to facilitate the improvements of nurses’ daily job. 
Finally, concepts about decision support system and clinical decision support 
system were presented either because this concept had been used in the 
implementation of the mobile nursing system in this research. Some kinds of the 
utilization of clinical decision support system in healthcare field have also been 
presented. 
As a whole, this chapter presented the basic information and the foundation of this 




















Chapter 3: Methodology and Research Design 
This chapter describes the methods and research designs used to collect and 
analyze data to answer research questions “How can a mobile nursing system be 
used to achieve closed-loop medication administration to deliver high quality and 
safe nursing care” and its necessary sub-questions. The methodology used in this 
study is introduced in the first part. In this manner, qualitative research, 
quantitative research and mixed methods research have been discussed. The 
second section describes the research design used in the current study and 
provides related detail information. The adopted case study method including 
interviews and a questionnaire is presented in subsection 3.2.1. After that, the 
subsection 3.2.2 explains the system design of the mobile nursing information 
system (MNIS) containing overall design stages and detailed design stages. In the 
following parts, activity theory is explained and the ethnographic study in the 
selected case the Chinese public hospital is introduced. In addition, details about 
the ethics application and approval are presented. Furthermore, the analysis 
method and processes of data obtained from all the selected research methods are 
also presented respectively. At the end of this chapter, a summary of the 
methodology and research design is then offered. 
3.1 Methodology 
There are three main research methods: qualitative research, quantitative research 




different methods of scientific research. In the field of natural science, qualitative 
and quantitative methods should be unified and complementary (Johnson & 
Christensen 2008). Quantitative research uses mathematical logic and has specific 
reference values and reference standards whereas qualitative research is more 
macroscopic, objective, theoretical and general (Goto & Cheng 2007). Mixed 
methods research is a combination of these two kinds of methods and was adopted 
in this study (Johnson & Christensen 2008). 
3.1.1 Qualitative Research 
A qualitative research strategy focuses on gathering and analysing non 
quantitative data about a social phenomenon and tries to explain how things work 
in certain situation (Stake 2010). Qualitative research usually collects descriptive 
data from the methods such as interview, focus groups, observation and 
ethnographic methods (Lewis 2015). The procedures are inductive from the 
collected data which means the logic flow is from exploring the ground 
phenomenon thoroughly up to generate theory possibly (Lewis 2015). Qualitative 
research employs a wide-angle and a deep-angle lens which examine the issue in 
depth and breadth instead of within a narrow district so as to achieve more 
detailed information (Johnson & Christensen 2008). In the research process, the 
data is related with the participating observation and understanding of researcher 





3.1.2 Quantitative Research 
Quantitative research strategies always collect quantifiable digital data and 
analyse them arithmetically or statistically to test hypotheses or theories (Johnson 
& Christensen 2008). Because of the non-normal distribution of the data, the 
quantitative data are analysed by non-parametric test, and the answer categories of 
user frequencies are ordinal. In quantitative research, standardized questionnaires 
can be used as a tool or sub-scales, such as between 1 and 5, where 1 represents 
"strong disagreement" and 5 represents "strong agreement" (Johnson & 
Christensen 2008). The average or frequency of each group was calculated based 
on the response of the participants (Johnson & Christensen 2008). The method of 
quantitative research is like narrow-angle lens which means just focusing on the 
collected numerical data of a small number of factors according on the designed 
dimension and scale (Lewis 2015). The purpose of quantitative research is 
verifying certain specific hypotheses and the logic flow is from the theory down 
to the grounded data (Lewis 2015). 
3.1.3 Mixed Methods Research 
Mixed method research uses qualitative and quantitative methods as mixed 
methods to study the world in a more detailed and digital way. Mixed 
methodological research refers to the research that combines the elements of 
quantitative research and qualitative research, which has gradually developed into 




quantitative research methods and methods mainly depends on the research 
questions and the actual situation of the research (Grad 2009). Mixed methods 
research collects qualitative data as well as quantitative data so as to present 
induction and deduction (Grad 2009). The analysis of quantitative data obtained 
from quantitative methods such as questionnaire survey generates quantitative 
results which provides clear answers towards investigated questions (Xiao 2010). 
Furthermore, qualitative data from open-ended questions in interviews increase 
expectations, additional aspects, arguments, feelings and motivations for 
quantitative results (Michel-Verkerke 2012). Therefore, in a mixed methods 
research, the researcher focus on wide-angle lens, deep-angle lens and 
narrow-angle lens partially and make a balance among the three kind lenses 
(Johnson & Christensen 2008). 
3.1.4 Selected Research Approach 
The main problem of the research is how to use mobile nursing system to achieve 
closed-loop drug use. According to the question, this study adopted a mixed 
methods research approach, because qualitative data were utilized to explore the 
study’s question in a more detailed manner and at the same time, quantitative data 
were adopted to verify the level of different opinions from the quantitative 
analysis.  
First of all, qualitative data is used to answer the research question directly with 




experiences with the mobile nursing information system, the most important 
points in designing and implementing such a mobile nursing system and the 
significant level of different benefits and problems toward the system. Thereby, 
these data also helped to identify the key factors and barriers that influenced the 
satisfaction towards the system. A qualitative descriptive interview with 
open-ended questions was used to explore the nurses’ viewpoints with the mobile 
nursing system. In addition, the suggestions and recommendations from nurses 
could help better system design and utilization. Furthermore, these data could 
show whether the nurses were satisfied or not with the system. From the 
perspective of nurses' experience and working environment, the status quo and 
challenges of mobile nursing system had been analysed qualitatively.  
Secondly, the qualitative data could help to identify the general benefits and 
problems experienced by the users towards the mobile nursing information system 
in a numerical manner supportively. In this way, the researcher developed a 
questionnaire (see Appendix 3). Through the questionnaire method, a scale 
evaluation of the system was designed and thus the evaluation results with 
statistical significance had been collected and evaluated.  
To answer the study questions, a case study in a Chinese public hospital that 
incorporated qualitative and quantitative data was conducted. The case study 
included interviews collecting qualitative data and a questionnaire survey for 




voice and watching the nurses’ behavior, was used to evaluate the performance of 
the mobile nursing system and provide guidance for the design, development and 
implementation of such systems. In addition, a user-centered design approach was 
employed to achieve a user-friendly system in the system design process (Fico et 
al. 2011). Furthermore, an ethnographic study for qualitative data collection was 
also conducted as the case was chosen as a Chinese hospital. Detailed information 
of the case study, the system design and the ethnographic study method are 
presented in the following research design section (see section 3.2) and its 
subsections.  
3.2 Research Design 
The research design of this study is presented in this part, giving details about the 
different methods and conducted procedures. The whole research design from the 
identification of the research problem and question to the submission of final 
thesis is demonstrated in the following Figure 3.1 which presents the research 











The first step is the identification of the research problem and research question 
which was ‘How to use mobile nursing system to achieve closed loop medication 
and provide high quality and safe nursing service’. In order to achieve closed-loop 
medication administration, a mobile nursing information system was designed and 
implemented in the selected Chinese hospital using user-centered design method. 
The case study adopted interview and questionnaire to explore the key issues in 
designing and using the mobile nursing system and the benefits and problems of 
the system. The ethnographic study also contributed to the analysis of those 
questions. The following parts introduce all the steps in detail manner. 
3.2.1 Case Study 
After the research question was identified, the selection of suitable research 
methods was very important and would have critical influence to the research 
findings. The common research methods include experiment method, survey 
method, archival analysis method, history research method and case study. 
According to Yin (Yin 2018), the following three factors of the research question 
need to be investigated in order to determine the appropriate methods: 
a) The type of identified research question; 
b) The level of control an researcher has over the real behavioral events; 




The following Table 3.1 shows the relationship of the above factors and different 
research methods.  







Experiment how, why yes yes 
Survey who, what, where, 





who, what, where, 
how many,  
how much 
no yes/no 
History how, why no no 
Case study how, why no yes 
Table 3.1 Relevant Situations for Different Research Methods (Yin 2018) 
For the reason that the research question ‘How can mobile nursing system be used 
to achieve closed-loop medication administration to deliver high quality and safe 
nursing care’ is a ‘How’ question, without requirement for controlling of 
behavioral events and it focuses on contemporary events, case study is an 
appropriate method for conducting the study.  
According to Yin (2018, p. 15), from the scope and features aspects, Case studies 
are defined as "empirical methods to study contemporary phenomena ("cases") in 
depth and in the context of their reality, especially when the boundaries between 




interesting variable data points, which will guide data collection and analysis by 
relying on evidence from multiple sources and theoretical propositions that benefit 
from development. The research object of the case study could be people, events, 
decisions, stages, projects, guidelines, organizations, or other systems and it is 
from a holistic view using one or more specific methods (Thomas 2011). 
Moreover, Case studies are considered useful in research because they enable 
researchers to examine data at a micro level (Scapens 2011). As a qualitative study, 
case study can be used as a practical solution when large sample groups are 
difficult to obtain (Zainal 2007).  
Because closed-loop medication is a complex management issue, mobile nursing 
system is a new information system and case study is an appropriate research 
method to solve such complex problems. In this study, a single case study is 
appropriate, because the case can represent, illustrate and examine existing 
theories, and can be used as a prelude to future research (Yin 2018). The 
development of the case study was based on the use of interviews, questionnaire 
and ethnographic techniques. A survey/questionnaire presented the situation in a 
quantitative mode and the interviews offered detailed and in-depth opinions. This 
case study also incorporates a user centered design approach, it provides a useful 
way for nurses to actively participate in and participate in the design and 





Ethnographic techniques, such as semi-structured interviews and observations, 
can provide insight into users' tacit knowledge and form a shared view of the 
system (Qin et al. 2017) . The ethnographic approach is based on the belief that 
any analysis needs to understand specific contexts, so it must start where the 
network is embedded (Randall, Harper & Rouncefield 2007). In this study, the 
selected case is a Chinese hospital and the users of the mobile nursing system are 
all nurses working in this hospital, so an ethnographic method is used with the 
purpose of further exploring the specific local contexts and environment.  
The data collection and data analysis phases for the case study are shown in the 
following Figure 3.2.  
 




3.2.1.1 The Selected Case 
Single case studies are applied to critical cases, extreme cases, representative 
cases, revelations cases or longitudinal cases (Yin 2018). Therefore, a big hospital 
is selected as a single case in this study as it is a representative case. As for the 
case study, case selection is an important part and has vital influence to the results 
of case study (Gerring & McDermott 2007). The selected case is needed to play a 
“heroic” role which means that it could represent large number of cases (Gerring 
& McDermott 2007). The following key points should be carefully examined in 
case selection: the targets of the study, the capabilities to stand for broader cases, 
its internal and contextual conditions (Gerring & McDermott 2007). All these 
factors determine whether the case is suitable to investigate the proposed research 
question (Seawright & Gerring 2008).   
Because the level of medical service in a general hospital at the same grade is 
very similar, the workflow of nursing care in a represented tertiary hospital can 
represent that of other similar tertiary hospitals. As Grade III, Level A hospitals 
represent the highest level of hospitals in China; the nursing work flow of such 
hospitals is very helpful to nurses in other Chinese hospitals. Therefore, in order 
to maximize the value of this study, we chose a representative Grade III, Level A 
hospital to carry out the study. 
Consequently, taking a large hospital in Jiangsu Province as the research object, a 




and the research problems were discussed by case study. A mobile nursing 
information system is very complex and many unexpected problems would be 
encountered in the design and implementation stages. The case site was a large 
public hospital containing around 4000 inpatients beds so the situation was very 
complicated and therefore the solution should be reliable and solved various kind 
situations. In the data collection phase, several qualitative research techniques 
including semi-structured interviews and site observation were utilised to achieve 
primary data. Secondary data was acquired through reading related files and 
achieves. In addition to this, a questionnaire had been conducted to provide some 
quantitative data to evaluate the effect and problems of such a mobile nursing 
system. The detailed information of this selected case hospital is presented in 
subsection 4.1. 
3.2.1.2 Interviews 
Interview is the most common method in qualitative research and it refers to the 
method that the researcher talks with the interviewees to collect detailed 
information and opinions about some events or phenomenon for further analysis 
(Yin 2018). The way for conducting interviews include face to face mode, via 
telephone, via paper or via email, whereas only the face to face manner have 
sufficient direct interaction (Johnson & Christensen 2008). Considering that direct 
interaction is very important in this study as the nurses’ attitude could be detected 




were chosen as the interview methods in this study (Rowley 2012).  
Interviews can divided into unstructured, semi-structured and structured 
interviews according to the questions asked by the interviewer (Lodico, Spaulding 
& Voegtle 2010). For unstructured interviews, it is more like a conversation 
focusing on a certain topic and there are no unchanged predefined questions. 
Semi-structured interviews have predefined protocols but can also have some 
adjustment on the order and number of questions. Structured interview in contrast 
have no flexibility as all the interviewees are asked the same questions (Lodico, 
Spaulding & Voegtle 2010). Since the explored directions of this study are the key 
issues, benefits, problems and suggestions of the new mobile nursing system, 
semi-structured interviews were adopted in this study for obtaining more 
information. 
Due to the time limitation and access limitation of interview, it is always 
impossible to interview a large number of participants. When the number of 
participants is small, it cannot form statistical significance and could lack 
representativeness. It is also impossible to understand the distribution of different 
viewpoints among the public use. Therefore, the interviewer should try to identify 
the factors that may cause the deviation of the sample, and make an interview in 
an incremental way, and increase the sample size to see if the observations change 
when possible (Barlett, Kotrlik & Higgins 2001).  




according to the purpose and object of the study. In general, it is necessary to 
make an expert group discussion on the outline of the interview, modify the 
outline of the interview and find several typical participants to conduct a trial 
interview to ensure that the interviewees can correctly understand the questions of 
the interview (Bauman 2014). Before the interview begins, the interviewees need 
to be informed of the purpose of the interview. The interviews only could be 
conducted after getting their informed consent. During the interview process, 
audio recording or video recording can be done if the interviewees agree to do so. 
When screening interviewees from the case hospital, nurses from different clinical 
departments including medical wards and surgical wards were covered. At the 
same time, nurses with different job titles were included. Regarding the issue of 
nursing management at the view of the whole hospital, one director of the nursing 
department was also interviewed. Besides this, two members from the IT 
departments of the hospital were also interviewed to receive information from 
different viewpoints. These considerations ensured that the respondents were 
representative.  
The participants were recruited from the ward units using the mobile nursing 
system in the case site hospital. The names and contact details of potential 
participants were obtained from the nursing department and the IT department of 
the hospital. The researcher contacted them to invite them to be participants and 




potential participants were provided with all the key documents including the 
Participant Information and Consent Form (PICF) before they decided to 
participate or not. Then the researcher conducted the interview face-to-face with 
each of the participants at the meeting room of the IT department in the case 
hospital. In total there were 15 interviewees interviewed and among them 12 
participants were nurses, one was a director of nursing department and two of 
them were engineers from the IT department. The interview for every interviewee 
lasted for around 20 to 30 minutes. 
3.2.1.3 Questionnaire 
In this study, in order to find out the most important point of designing and 
implementing such a mobile nursing system, the quantitative research method also 
plays an important role in the significant level of various benefits and problems of 
the system. In addition to interviews, a questionnaire was designed to incorporate 
nurses' views on mobile nursing systems. A questionnaire helps the researcher to 
“obtain information about the thoughts, feelings, attitudes, beliefs, values, 
perceptions, personality, and behavioural intentions of research participants” 
(Johnson & Christensen 2008, p. 203). Questionnaire is an assessment method for 
investigators to understand the situation of the respondents through a unified 
design and consult their opinions (Bruce & Chambers 2002). The questionnaire 
can be used alone, can also be used together with other methods of data collection 




closed questions whereas the outline of interviews always contain open question, 
which means possible in-depth communication with participants (Codó 2009). In 
other words, the participants’ answer can be obtained but the reason why they 
choose the answer cannot be achieved only through questionnaire (Potthoff & 
Eller 2000). Questionnaire research method is based on the principle that the 
researcher has a certain understanding of the possible response, the design of a 
closed-ended questions and answers, so as to obtain a relatively large number of 
valid feedback from participants (Potthoff & Eller 2000). 
Since filling out a questionnaire is less time-consuming than an interview, more 
participants can be accessed with a questionnaire. So survey/questionnaire is 
suitable for information collection of large numbers and can get certain answers to 
definite questions, which has statistical significance (Bruce & Chambers 2002). If 
the researcher has made a preliminary judgement on the participants’ ideas and 
opinions, it is necessary to collect data from large number of participants, so the 
distribution of ideas of more participants can be analysed directly through 
questionnaire survey, so as to distinguish typical points and representative views 
(Gillham 2007). 
At the questionnaire preparation stage, the target population and the number of 
samples were determined according to the purpose and object of the study. For 
new designed questionnaires, it is necessary to investigate the reliability and 




(Gillham 2007). Only when the reliability and validity are qualified, a large-scale 
questionnaire can be carried out (Gillham 2007). When conducting a 
questionnaire survey, the people who do not meet the requirements should be 
excluded (Gillham 2007).  
The availability of participants fluctuated to fill out the questionnaire is uneven 
(Galesic & Bosnjak 2009). If the participants' willingness is not high, they are 
likely to fill out the questionnaire at will and not fill the survey according to the 
actual situation carefully. Another problem was the questions of the questionnaire 
may not be well understood because of the participants' cultural level and 
comprehension ability, which leads to the untrue answer to the questions. The 
solution is to set two or more questions to examine the consistency of the answers 
to the problem. In addition, it is necessary to ensure that the problem is clear and 
unguided, and the order of the questions and answers can be deliberately disrupted 
to avoid the results being affected by the order of questions and the position of the 
answers (Galesic & Bosnjak 2009).  
In addition to interviews, in this study a questionnaire was designed to include the 
opinions of participants in the hospital. It should be considered that the research 
questions contained the affection of utilising a new mobile nursing information 
system when deciding the occasion for conducting the questionnaire survey. For 
the reason that the real benefits and problems would be detected only after a 




was conducted six months after completing the overall implementation of the 
system so as to achieve a comprehensive understanding towards the research 
questions. As the focus for the questionnaire was providing quantitative analysis 
as a supplement to the results of the interviews, closed-ended questions were 
adopted. 
The questionnaire was developed specifically for the study, based on a literature 
review, experts’ suggestions, and the results of a pre-survey study. The pre-survey 
study was conducted to collect feedback from respondents, and the researcher 
reached consensus regarding the final survey by making necessary revisions to the 
original version. The survey was consisted of eighteen questions (see Appendix 3) 
pertaining to demographic information, satisfaction with mobile nursing 
information system, and the effectiveness of the system. Five questions were used 
to collect the following demographic information: gender, age, educational 
background, role as a nurse, and length of using the system. Seven questions were 
designed to collect the following information regarding satisfaction degree or 
dissatisfaction degree towards the feedback on the hardware and software of the 
system. The focused points included the portability of the tablet PC, the stability 
of the wireless network, the navigation of the system, the information display on 
the tablet, the ease of data entry, the system response speed and the training. The 
last part of the questionnaire includes six questions used to collect the following 
information regarding effectiveness of the new mobile nursing information system: 




process optimization, the patient satisfaction and the accuracy and safe of data.  
In order to investigate the level of satisfaction of the system and the significant 
level of various benefits and problems of the system, the related answers were 
consisted of Likert scale items where respondents were asked to choose agree / 
disagree with various statements such as “Portability of tablets”. Most scales use a 
five points range – strongly agree / agree / neither agree nor disagree/ disagree / 
strongly disagree. The Participant Information and Consent Form (PICF) (see 
Appendix 1) and the questionnaire were translated by the researcher into 
Mandarin which is the participants' first language. The translation had been 
checked by an appropriate expert of the topic area who was also familiar with 
both English and Mandarin. 
The participants were recruited from the units using the mobile nursing 
information system in the case site hospital. The names and contact details of all 
the potential participants were obtained from the nursing department of the 
hospital. The researcher then made calls to invite the nurses to be participants. 
Then the potential participants were provided with all the key documents 
including the PICF before they decided to participate or not. The researcher then 
distributed questionnaires to the participant nurses, and asked them to complete it 
independently, voluntarily, and autonomously. Questionnaires were collected 
immediately after completion. Altogether 30 completed questionnaires were 




3.2.2 Ethnographic Study 
Ethnographic study is a type of qualitative research method where the researcher 
fully immerse himself/herself into the social culture, lives or environment for the 
intending studying phenomenon and should observe and record the detailed 
information in their normal settings for a relatively long period (Bhattacherjee 
2012). Because of the long and immersed careful investigation, ethnographic 
study includes an understanding of groups, organizations or settings for the 
cultural models, beliefs, and performances that are typical for the target group 
(Ritchie et al. 2013). Ethnographic study is usually descriptive research as 
ethnographic study collects detailed data through careful observations or 
fieldwork and make comprehensive description of the aimed study object 
(Bhattacherjee 2012).   
In qualitative research, in addition to user interviews, one of the most important 
methods is observation. Different from asking people questions in the survey, the 
observation research method is mainly to observe people's behaviour. 
Observational research is a method of collecting data directly by observing the 
actual behaviour of objects or research objects, this method can be used to 
measure and analyse the behaviour of the target group (Bhattacherjee 2012). 
Specifically, observational research is the process of systematically recording 





Theoretically, there are different classifications of observation (Bhattacherjee 
2012). When making plans, researchers can choose the most effective way from 
the purpose of research. According to the role of the observer, the researcher can 
choose to participate in observation and non-participation observation; according 
to the observation plan and procedure, they choose structural observation and 
non-structural observation; according to whether to contact the interviewee 
directly, they can choose direct observation or indirect observation; according to 
the tools and equipment used, they can choose manual observation or mechanical 
observation (Johnson & Christensen 2008). It is important to emphasize that no 
matter what type of observation is chosen, it is very important to plan ahead. This 
can avoid the effect of observation on the environment and make the conclusion 
of observation more objective (Bhattacherjee 2012).  
For ethnographic study, the researcher is an observer in non participatory 
observation and is a participant observer in participant observation and the 
researcher need to go to the field and watch and record the aimed group people 
within their natural situation (Johnson & Christensen 2008). Non participatory 
observation refers to the fact that observers do not participate in group activities 
of observation objects, but merely a spectator. This observation method can only 
get surface information or open behaviour information (Johnson & Christensen 
2008). Observation need the researcher to be experienced as the observational 
skills can make the researcher record the information correctly and timely when 




operated primarily through observation rather than communication by researchers, 
some recording tools, such as cameras, tape recorders, handwritten notes, or other 
visible recording methods, are needed (Jorgensen 2015). 
To use observation successfully in research, three conditions must be examined 
(Atterer, Wnuk & Schmidt 2006). Firstly, the information to be collected must be 
observable or inferable from the observed behaviour. Secondly, the behaviour to 
be observed must be repetitive or in some way predictable, otherwise the value of 
observation will be questioned. Third, the observed behaviour must be relatively 
short term. The task will be difficult to complete if the duration is too long 
(Jorgensen 2015).  
Observation mainly consists of three quantitative data collection techniques: self 
statement observation, work sampling method observation, and time action 
observation (Jorgensen 2015). The self statement observation requires individuals 
to record their activities during frequent intervals (Jorgensen 2015). The work 
sampling observation method, also called the sample method, is used to measure 
and analyse the behaviour of the target people (Briesch, Volpe & Ferguson 2014). 
It is necessary for an observer to walk in the targeted area, to record the behaviour 
of the object at a fixed time interval and a certain distance from the observer. The 
time action observation requires the observer to observe the object for a period 
and record the behaviour of the observed object as well as the exact time of the 




On the other hand, a participatory observation researcher can also directly feel the 
feelings and motives of the observer (Mulhall 2010). The problem is observers are 
likely to change their original behaviour when being observed. Moreover, it is 
necessary for observers to pay intensive and laborious work, and if carried out in a 
large scale, the cost will be very expensive (Mulhall 2010). 
The ethnographic study is important for this research since the selected case is a 
Chinese public hospital and ethnographic study is focus on the cultural aspect. 
Ethnographic techniques, such as interviews and observations, can provide insight 
into employees' tacit knowledge and form a common view of work (Velden & 
Lagoze 2012). Through observing nursing behavior, reviewing written documents, 
communicating with nurses and other ethnographic techniques, we can understand 
nurses' daily work activities and behaviors, and understand nurses' tacit 
knowledge deeply.  
In this study, this method can collect very detailed and accurate records of the 
workflow, including the time, duration, frequency of a single behaviour, and the 
sequence of a series of behaviours. Researchers observed the nursing process and 
nursing actions; first, what nurses did, and then divided the nursing actions into 
modules to understand each action in one module. Action, its principle and its 
relationship with other actions or parameters, such as: recording the relationship 
between the order of medication and the patient's health status. Through the 




nursing system was compared and studied, and the conclusion was drawn. 
Furthermore, during the observation study period, in order to clearly understand 
the nature of the behavioral activities performed by the nursing staff, the observer 
could communicate briefly with the nursing staff when possible. 
3.2.3 System Design 
The study is about the implantation and utilization of the mobile nursing system 
which was the main focus. The entire process and phases of the design and 
implementation of such a system were strictly followed the software engineering 
process which is illustrated in Figure 3.3. The system design process of the mobile 
nursing system was the basic premise of system implementation and it is an 
important part of this study. In the process of system design, the original 
successful design was investigated and learnt. Later innovations on the basis of 





Figure 3.3 System Implementation Process 
The system design includes the architecture design and the detailed design. The 
architecture design of the system is the design of the basic structure (Hevner & 
Chatterjee 2010). Detailed design determines the comprehensive requirements of 
the system, analysis of data requirements, deriving the logical model of the system 
and modifying the development plan of the system (Kande 2011). 
The required functions which should be clarified firstly were the output of 
requirement analysis with the aim of achieving closed-loop medication 
administration. In the whole process of closed-loop medication administration, the 
realization of each step and the flow of the process depend on the relevant 
functions of the mobile nursing information system. Therefore, by summarizing 
the functions required by each step in the process of the medication order, the 









and implementation of the system. 
For the data requirements, all the information of the whole process should be fully 
recorded and could be used for all the terminal equipment. On the other hand, 
during the transmission and recording, the nursing staff could acquire patient 
basic information by barcode recognition. 
3.2.3.1 User Centered Design 
User-centered design is a design concept. In all stages of the design process and 
development life cycle, the needs, desires and constraints of end users are under 
concern (Juárez-Ramírez 2016). The dynamic complexity of hospital nursing 
process determines the definition of nurses' needs and the early evolution of 
nurses. This research adopts a user-centered design method, which pays attention 
to the needs of users and can achieve efficient systems in the field of health care. 
There are also some successful examples in the literature (Holzinger et al. 2011; 
Turner, Reeder & Ramey 2013).  
According to ISO 8241-210, user centered design has six key principles which are 
illustrated in Table 3.2. 
1 
The design is based upon an explicit understanding of users, tasks and 
environment. 
2 Users are involved throughout design and development. 




4 The process is iterative. 
5 The design addresses the whole user experience. 
6 The design team includes multi-disciplinary skills and perspectives. 
Table 3.2 Key Principles of User Centered Design (ISO 2009) 
There are four linked user-centered design activities included in the design of the 
system as shown in Figure 3.4: 
a) Understand and specify the context of use 
There are always different user groups and different stakeholders who have 
different requirements. All the requirements should be understood within the 
real context. 
b) Specify the user requirements 
The user requirement are always not very clear at the beginning of the project 
and can be diverse or even contradict. It’s very important to identify the real 
requirements. 
c) Produce design solutions to meet user requirements 
The next step is producing solutions according to the defined user 
requirements. It’s important to keep user in mind in all the processes. 




As for user-centered method, the designs should be test and evaluated by the 
users to verify whether the design can meet the user requirements. The system 
could only be implemented after user evaluating. 
 
Figure 3.4 Interdependence of User-centered Design Activities (ISO 2009) 
Through the project, the mobile nursing system has been designed and used in 
some wards to achieve closed-loop medication administration. In order to obtain 
an effective and appropriate system design, the user centred design method had 
been adopted with the focus on the user’s true requirement and the user interface 
design. According to these main principles, the design of the system is based on 
careful observation and cooperation of nurses, fully understanding the working 
process of nurses, so as to obtain a mobile nursing system that meets the 
requirements of nurses. In addition, from the patient's point of view, convenience 




efficient and safe services for patients.  
Due to the complexity of nursing, the requirements and design process are 
repeated until the end user is satisfied. In addition, in order to truly achieve 
closed-loop drug use, all processes of various drugs should be thoroughly checked 
in the prescribed order. In addition, user interface design will receive more 
attention, because the good user experience of such a system installed on a 6-inch 
small screen tablet computer is very challenging. Only in this case can nurses be 
recognized. 
Before the start of the mobile nursing information system design, a 
comprehensive analysis of the workflow of nurses was made to ensure that the 
system designed to support the daily job of nurses. The system is connected to the 
intelligent terminal, which can effectively improve the timely information access. 
At the same time, all the steps of nursing process can be fully recorded in time. In 
addition, the system can dynamically update the interactive information to ensure 
the mobile application of the system is characterized by convenience, real time 
access and extended functions. 
3.2.3.2 Requirements Evaluation Methods 
The system requirement was evaluated through literature research, user interviews 
and direct observations. All the methods were utilized in the study. 




functional specification" and HL7 Electronic Medical Record (EMR) system 
model. In the functional model of HL7 Electronic Medical Record (EMR), the 
functions of electronic medical record system should be described according to 
the user's perspective. The framework of the functional model of HL7 Electronic 
Medical Record (EMR) is mainly composed of three parts: direct medical 
function, support information function and infrastructure function. The function 
model of HL7 Electronic Medical Record (EMR) is expressed according to 
multi-level directory structure, and the lowest directory is function component 
name. Direct medical function list has 65 basic components, support information 
function list has 50 basic components, and infrastructure function list has 25 basic 
components (Liang & Sun 2008). 
For the purpose of understanding nursers' ideas and opinions, user interviews and 
questionnaires were selected. In the groping state, the choice of user interviews is 
a better way to understand and analyse the system requirements quickly by 
communicating with users, understanding users' ideas, and constantly asking the 
underlying reasons behind the ideas. User interview is a process of understanding 
the user's viewpoint through questioning and communication (Major & 
Savin-Baden 2010). Usually, the interviewer communicates with the interviewees 
around several specific topics, interviewers asking questions, users answering, and 
finally conduct qualitative analysis based on user answers. User interviews can 
help to understand the user's thinking process and explore the reasons behind their 




according to the interlocutor's expectations, rather than his inner thoughts. The 
way to prevent users being cheated is to listen to the users while watching the 
actual practices of users. 
After the interview, the recording data is transcribed into text, the user's views 
were extracted with the qualitative analysis, and the number of support from 
different views is obtained. Finally, the conclusion of the system requirements 
evaluation is drawn through the analysis of the interview results. In 2012, Yiting 
Zhang and other scholars have evaluated the advantages of the mobile electronic 
medical record system in many nursing homes in Australia by means of user 
interviews (Zhang, Yu & Shen 2012).  
If the researchers have preliminary judgments on the ideas and views of the users 
and need to collect data from large scale, questionnaire survey could be utilized 
(Moser & Kalton 2017). For example, Shintaro Okazaki and others assessed 
Japanese doctors' views and acceptance of the mobile diabetes management 
system through a questionnaire survey (Okazaki et al. 2012).  
3.2.3.3 Usability Test 
Usability test refers to the test methods of the product by observing the 
representative users, using the product or the product prototype, thus defining the 
usability problems and solving these problems (Diamantidis et al. 2015). The 




development, mid-term improvement and later stage maintenance. 
In the preparation stage, the purpose should be clear so as to screen target groups 
and recruit users. Furthermore, test cases needed to be designed according to the 
practical application scenario. The users completed the required tasks by using the 
product, while the tester observed the whole process of the user's operation, 
including the operation process and expression performance, and recorded the 
problems founded in the process. After the task was completed, the tester asked 
the user's subjective opinion and satisfaction on the product as a whole. The 
problems encountered by users in completing tasks were organized into a list of 
usability problems. The evaluation dimensions included: task completed, 
completion time, completion path, user satisfaction and difficulty evaluation. Then 
the severity of the problem was graded and the solution was discussed. 
The value of usability testing is the early detection of problems that may exist in 
the product and provide improvements before it is developed or put into 
production, thus saving the cost of design and development. When the product 
development is completed, usability test can also evaluate the overall experience 
of the product. Usability test can not only find the degree of user approval of the 
product, but also detect some implicit rules of user behaviour. 
There were still some problems which attention should be paid to. First of all, 
testing was still carried out in an artificial environment such as the laboratory 




guidance from the tester would affect the results. Secondly, usability test could not 
always reflect the usefulness of the product. Even if the test results of a product 
were statistically significant, it was still not proven that the product was running 
well in real environment. Statistical significance was only the possibility that the 
test results were not random, and the test results were related to the environment 
in which the test was located. Finally, the sample size was small, and the test 
participants could not represent the target users completely. At the same time, 
usability tests could only be used for detecting the faults and could not be used to 
determine which problems would be encountered most frequently. 
3.2.3.4 System Log Analysis 
System log analysis refers to the analysis of the records of user's operation process, 
so as to find problems and preferences of the users to use the system to improve 
the system design (He et al. 2016). The application scenario is that the user 
volume of the system is large, and the actual situation of users' use of the system 
needs to be analysed. 
After determining the data indicators that need to be analysed, such as the logging 
rate, record rate, length of residence time, the conversion rate of the target 
operation, the period need to be selected to obtain the system log data for the user 
data analysis. The sources of data analysis are common system logs, user 





The advantage of this method is that it can analyses the quantitative data of all 
target users without having to bear in mind that other research methods can only 
contact a specific minority of users. Moreover, user data is objective, reflecting 
the objective path of users' actual use of products, and will not be affected by the 
testing environment. 
Researchers, such as Joong-Yeo Park and his colleagues, reviewed the application 
of mobile medical applications in a demonstration hospital and discovered the 
experience and lessons that need to be paid attention to in developing these 
mobile medical applications (Park et al. 2014). In order to promote the healthy 
development of these applications, the researchers reviewed 12 mobile medical 
applications that had been used in a demonstration hospital in South Korea. 
Through the system log analysis, the applications were very active. In addition, 
developing log monitoring systems while developing these applications will help 
to evaluate system effectiveness. 
Since a mobile nursing information system is a relatively new application and 
there are some characteristics and problems such as the size limitation of the 
tablet, the complexity of nurses’ daily workflow and the complicated interfacing 
demands with multiple existing information systems in hospitals, the mobile 
nursing system needed to be designed through careful analysis and evaluation to 





3.2.4 Activity Theory and Activity-Oriented Design Method 
According to the study performed by Carvalho et al. (2015), activity theory is a 
research route initiated by some Russian psychologists, including Vygotsky and 
Leontiev. This theoretical study is about human practice and its development 
process. The basic elements of analysis are human activities and voluntary 
interaction between human and an element or object (Er & Lawrence 2011). 
Activity Theory is a descriptive approach which explains human practices in the 
social context. Since the design of information systems should consider the 
viewpoints and behaviors of users in the certain social context, Activity theory 
had been demonstrated to be valuable in information system field and had been 
used from different angles (Nguyen & Wickramasinghe 2017). Some researchers 
treated information system as a tool, the user as subject, user’s goal as object and 
user’s workplace environment as community when using Activity Theory and had 
shown the usefulness (Hashim & Jones 2007). This perspective had been adopted 
in this study either when analyzing the utilization of the mobile nursing system.  
The Activity Oriented Design Method (AODM) is designed based on the Activity 
Theory for the purpose of supporting Human Computer Interaction (HCI) research 
and design procedures within the social and cultural issues (Mwanza 2002). 
AODM presents an effective and operational framework for detailed analysis of the 
activities being investigated using the fundamental principles of activity theory 




utilized as an analysis framework in this study. 
3.2.4.1 The Concept of Activity Theory 
According to Vygotsky's description, the basic components of activity theory 
include activities, subjects, objects and tools (Vygotsky 1978). An individual or 
group of individuals involved in a common activity represent a subject(Vygotsky 
1978). As showing in the following Figure 3.5, the subject undertakes an activity 
in order to achieve its goal. The arrow represents activity, that is, the element of 
work (Kaptelinin & Nardi 2006). The activity which is always the point of interest, 
refers to a relationship between the subject and the object with the adoption of tools 
(Kaptelinin & Nardi 2012).  
 
Figure 3.5 A Basic Representation of Activity (Kaptelinin & Nardi 2006) 
According to Kuutti (1996), All activities involve or include interaction with tools. 
Tools, commonly referred to as artifacts, are created by humans and provide 
symbols that help guide them to specific actions. As shown in Figure 3.6, the way 
in which a subject approaches activity is to mediate through tools. That is to say, 
the tools people use when doing things will affect the way they handle things and 




take different forms depending on the research environment; for example, they 
may range from instruments, symbols, procedures, machines, languages, methods 
and laws to working organization forms (Lee 2015). The components in Table 3.3 
could be analyzed using Activity Theory. 
 
Figure 3.6 Basic Structure of Activity (Lee 2015)  
Components Interpretation 
Subjects The subject in this paper depicts both individual and social 
nature of the activity. From the perspective of semiotics, 
nurses and patients are involved in health management and 
decision-making processes. In terms of technology, the 
research object is mobile nursing information system users. 
Tools Tools used by each learning partner; text information is a tool 
for communication between online learners. Database and 
internet protocol are technical tools to connect different 




Community Physical collaboration occurs in an environment that involves 
sharing the same place and communicating face-to-face with 
interactive collaborative learning partners. Symbols and 
technical contexts span communities of people and content 
that interact around activities. 
Rules Rules governing communication between two learning 
partners, who share the same computer and exist in the same 
place. Control technology mainly involves the interactive 
design, the design of human-computer interaction, the 
interface between people and technology to promote the 
protection of personal privacy and trust agreement. 
Division of 
Effort 
Cooperative learning is conducted through discussion and 
guidance in the first case and debate and consultation in the 
second case. The technical aspects of this element enable 
topics with different forms of communication, such as e-mail, 
short message service (SMS), messaging and notification. 
These communication technologies may extend the control 
and rules of the framework. 
Object The objective is to collect data and perform activity in order 
to be able to make the conclusion and promote mobile nursing 
information system. 
Table 3.3 The Components of Activity Theory 
Researchers can describe and use activity theory from some aspects. The study of 
activity theory is mainly divided into two aspects (Harris 2007). The first is to 




other is to redesign the actual intervention methods of working environment in 
hospitals and other organizations. 
There are subtle differences, and there are specific words; the object of the 
activity (the part of the world that will change) is the object that motivates people 
to participate in the activity system to produce results (Lee 2015). It is 
meaningless to say that activities have no objects, because people do not change 
objects in the first act or effort; they are composed of each other. 
A. N. Leont’ev, a student of Vygotsky, gives a typical example of primitive 
collective hunting (Leont’ev & Hall 1978). Hunters and batters are united by a 
common goal (to get food), even if they perform different and decentralized 
actions in their activities (Roth & Lee 2007). Another more recent but far-reaching 
heuristic approach, activity triangle, has also proved to be a simple entry point 
into activity theory can be seen in Figure 3.6 above (Roth & Lee 2007). Based on 
the basic concepts of mediation, the topic focuses on the use of specific tools (real 
and symbolic) by the object.  
Human-computer interaction regards activities as operations that users want to 
perform, computers as tools or objects of users, and each button and interface as 
another kind of objects or tools for users to complete tasks. It has the potential to 
support communication and collective care between nurses and other health care 




A number of studies of this activity theory has been applied in the field of health 
care, to analyse all kinds of activities, such as surgical cooperation (Bardram 
2000), examining and diagnosing (Engestrom 2000), and other complex 
healthcare processes (Sadeghi et al. 2014). These health care processes can be 
explored as collective activities oriented to collective object transformation, which 
can generate new knowledge in system design. 
3.2.4.2 The Principles of Activity Theory 
The essential principles of activity theory presents the characteristics and 
relationships among the three basic components – “Subject, Object and Tool” and 
three social domain components – “Rules, Community and Division of labor” 
(Kaptelinin & Nardi 2012). The five core principles are object-orientedness, 
hierarchical structure, mediation, internalisation and externalisation, and 
development as categorized by Kaptelinin and Nardi (2012).   
a) Object-orientedness 
“The principle of object-orientedness states that all human activities are directed 
toward their objects and are differentiated from one another by their respective 
objects” (Kaptelinin & Nardi 2012 p.29). Activity is driven and directed by 
objects which mean that activities are centered on certain objects. Therefore, the 
analysis of objects is essential for understanding different individual or collective 




have different aspects. For animals, the objects should only be physical things 
whereas the objects for mankind could be either physical things or intangible 
things such as learning new technology and other socially or culturally defined 
aspects (Kaptelinin & Nardi 2012). 
b) Hierarchical structure of activity 
Human activities are organized into three hierarchical layers (Kaptelinin & Nardi 
2012). The activity itself is the top layer and is oriented from a certain kind of motive. 
Although the act of serving the object is conscious, there is another lower level 
activity that can be described – actions – which are conscious process in order to 
achieve certain goals so as to accomplish the integral object. The unconscious 
processes called operations are the lower layer of actions. As shown in Figure 3.7, 
these three important levels - activity, action and operation - are dialectically 
linked, just as an object is linked in a way similar to its subject. For example, 
human agency (Leont’ev & Hall 1978). Since motives and goals have complicated 
relationships and this are characteristics aspect of human beings, this three-layer 
mode is only applicable to human activities and not applicable to animal activities 
(Kaptelinin & Nardi 2012). This three layer model for human activities provides a 
integral structure for investigating “Why”, “What” and “How” issues through 
analysing motivational, goal-directed and operational aspects altogether (Bødker 





Figure 3.7 Hierarchical Structure of Activity (Leont’ev & Hall 1978)  
c) Mediation 
Mediation refers to the utilization of mediator in the activity to fulfill the object  
(Kaptelinin & Nardi 2012). Mediation is recognized as the primary difference 
between human beings and animals (Kaptelinin & Nardi 2006). Mankind is able 
to use various kinds of tools to realize their targets whereas animals only can rely 
on themselves. The mediating means adopted by mankind to interact with the 
world includes all kind of tools both material and immaterial. The utilization of 
tools always reflects the accumulation and development of social and cultural 
knowledge in certain field (Kaptelinin & Nardi 2012). 
d) Internalization and externalization  
The principle of internalization and externalization shows that the distribution and 
re-distribution of human activities are along both the internal and external 
dimensions which mean learning and teaching in simple way (Wiser, Durst & 
Wickramasinghe 2018). There are both internal and external components for all 




transformations between internal and external components of human activities. 
The external components become internal through the process of internalization 
whereas externalization process transforms internal components into external ones 
(Kaptelinin & Nardi 2012). 
e) Development 
The principle of development emphasizes the constant development of activities 
and the analysis within the evolutionary process (Wiser, Durst & Wickramasinghe 
2018). The characteristic of development requires that the object of research 
should be evaluated in the context of dynamical transformation over time. From 
the perspective of research strategy, different methods should be selected 
according to the different kinds and levels of development (Kaptelinin & Nardi 
2012). 
All the principles of activity theory described as above provide better 
understanding of activity from different aspects as a whole system (Kaptelinin & 
Nardi 2012). Moreover, the evaluation of human activity should cover and 
combine all the principles. 
3.2.4.3 Activity Oriented Design Method 
Activity Oriented Design Method (AODM) developed Activity Theory to a clear 
and easy to operate framework through presenting four stages for analyzing 




descriptive analysis for complicated activities according to the key concepts of 
Activity Theory and generate context specific micro-analysis of the complicated 
human activities, sub-activities and the relationships within the activity 
(Mwanza-Simwami 2011).  
Stages Description 
Stage 1: Eight Step Model 
(Defining Activity System) 
The Eight Step Model operationalises activity theory 
triangle model through translating the various 
components in terms of a situation being investigated. 
Stage 2: Activity Notation 
Activity Notation decompositions a complex activity 
system into sub-activities and reduces the complexity of 
the situation being examined in order to facilitate 
detailed exploration.  
Stage 3: Generate Research 
Questions 
From the perspective of activity theory, the generation of 
sub-active triangles based on decomposition is studied to 
support data collection and analysis. 
Stage 4: Technique of 
Mapping Operational 
Processes 
The technology of mapping operation process enhances 
usability by making operation process, entity and link 
explicit, thus supporting the understanding of AODM 
execution structure. 
Table 3.4 The stages of Activity Oriented Design Method (Mwanza 2002) 
The utilization of information systems in healthcare field is considered to be very 
complicated and critical as it would have effect on patient safety. For this reason, 
the design and analysis of information systems in healthcare field should be 
considered within the social context in order to be successful and safe (Wiser, 
Durst & Wickramasinghe 2018). It is demonstrated that Activity Theory is useful 
for facilitating smooth implementation of information systems in healthcare field 




3.2.5 Ethics Application and Approval 
Since the case study and ethnographic study in China involved people, ethical 
consideration was an essential phase for this research. Furthermore, the research 
met the ethical criterion from both the researcher’s academic institution in 
Australia and the selected case hospital in China. As the researcher was a PhD 
student of RMIT when she began her study, so she submitted the ethics 
application to RMIT University Human Research Ethics Committee and got 
approval. According to the criteria from the Human Research Ethics Committee of 
RMIT and the research methods, the researcher had fulfilled the application form 
which included the following information such as the research topic and 
procedures, the participant vulnerability assessment, the assessment for research 
in overseas settings, the general information of researchers, the project aims, the 
project description, the research design, the participant information, the existing 
databases used, existing database, the study location, the external approvals from 
the cite hospital, the recording and security of project documentation, and the 
dissemination of results risk and indemnity. In addition to the ethics application 
form, the proposed outline of interview and the questionnaire, evidence of 
approvals from the case hospital and the participant information and consent 
forms had all been submit to the university ethics committee. As this study had no 
direct contact with patients, it was classified as ‘Low-Risk Research’ by the 
Human Research Ethics Committees (HREC) from the academic institution. 




interviews and examined some related materials from the hospital for the designed 
case study. The approved ethics application project number at RMIT University is 
18648. Then the researcher had transferred to Deakin University and subscribed 
according to all the procedure for getting ethics approval by Deakin University. 
After completing ethics approval, the data collection then had been done 
according to the proposed methods stated before. Since the participants are all 
Chinese people, the participant information sheets, the consent forms and the 
questionnaires had to be translated into mandarin which is the participants' first 
language and the interviews were also conducted using mandarin. All kinds of the 
research data, including the signed consent forms, the completed written 
questionnaires, the transcriptions of audio recordings, and interview notes had 
been stored in the selected hospital. The documentation was stored in a lockable 
office provided by the hospital and computer files had been password protected 
and stored in a computer provided by the hospital either. All the information was 
only used for research purposes, all the data access need permission or password, 
and the name of participants would not appear in the research. All the data will be 
stored at least 5 years after publication of research findings. 
3.2.6 Data Analysis 
Data analysis is important for evaluating data collected through different data 
collection methods (Jiang, Tung & Chen 2011). Different analysis methods were 




For the interview, thematic analysis was used in the analysis phase for content 
analysis. Theme analysis is a valuable exploration of the technical work in a 
relatively unknown field, because it allows the common problems in data analysis 
and report (Graneheim & Lundman 2004). As the foundational method for 
qualitative research, thematic analysis method is an accessible and 
theoretically-flexible method with the purpose of searching for themes or patterns 
through investigating qualitative data collected by the researcher (Braun & Clarke 
2006). Thematic analysis is a useful and flexible method for qualitative research. 
It can generate in-depth analysis and answer specific research questions in 
different fields of epistemology (Braun & Clarke 2006). After the interview, the 
content of the interview was transcribed from audio to text, and the content of the 
interview was analyzed by thematic analysis. Researchers read the transcript 
many times to understand the information conveyed by the interview. The context 
of the interview is extracted and coded, and then classified according to the theme 
or mode. Then, the researcher analyzed and summarized the common views and 
unique viewpoints of each topic. Finally, the author reviews the transcript coding 
and collection perspectives of interviews. 
As illustrated in Figure 3.2, a structured questionnaire survey was conducted in the 
data collection stage, and some quantitative data were provided. Arithmetic 
analysis was carried out in the data analysis stage, and the influencing factors and 
effects of the mobile nursing system were evaluated. According to the results of 




different answers of statistical significance. All valid questionnaire responses were 
recorded and entered into EXCEL tables first. Then the statistical package for 
social sciences software (SPSS version 22.0, IBM, Chicago, IL, USA) was used to 
perform statistical analysis of the demographic data using frequency tables. It 
includes descriptive statistics, parametric and nonparametric comparisons, and 
reliability analysis. The mean, standard deviation (SD) and the range of values are 
reported. Richter scores are considered as interval data, and they are averaged as a 
measure of average satisfaction scores. Through cross tabulation and McNemar 
dependency tests, the percentage of positive qualitative comments was compared 
with the percentage of satisfaction scores. 
Finally, conclusions are drawn through the varied analysis of the observation 
results, the interview results and the questionnaire results. 
3.2.7 Validity and Reliability of Data 
The validity and reliability of data is very important for collecting and analysing 
data especially for qualitative research. The concepts of reliability and validity are 
introduced from metrology first. Reliability refers to the stability and consistency 
of resulting scores of several tests. Validity refers to the fact that a scale can 
actually measure the degree of characteristics or functions. In other words, the 





Any scientific research need to pay attention to the reliability and validity. 
Without the verification of reliability and validity, the research would be 
questioned. If there are some deficiencies in the steps of a scientific research, the 
presentation and inference of the results would be incomplete. In this study, a 
combination of qualitative research and quantitative research was adopted. 
Qualitative research emphasizes validity, subjectivity and panoramic analysis. In 
contrast, quantitative research emphasizes reliability, objectivity and partial 
analysis. 
3.2.7.1 Validity and Triangulation 
This concept of validity is not a single, fixed or general concept or accidental 
construction, it refers to the purpose of specific research methods and projects 
(Whittemore, Chase & Mandle 2001). Triangulations are used to ensure validity in 
scientific research. Triangulation is based on quantitative and qualitative research 
methods. Denzin made it clear that triangulation is a multivariate combination of 
data, researchers, research theory and research methods (Denzin 2017). Denzin 
pointed out those different measurement schemes of the same method could not 
effectively avoid the inherent shortcomings of the single method itself. One 
method could be used to test another method to maximize the effectiveness of the 
research results. For example, qualitative method can be used as a tool to test the 
validity of quantitative method and vice versa. That is to say that Denzin uses 




following Table 3.5, there are three types of triangulation (data triangulation, 
theory triangulation and methodological triangulation) adopted in this study to 
ensure the validity.  
Type of 
triangulation 
Description Fulfilled in this study 
Data 
triangulation 
Combined with data collected 
from different channels at 
different time, space and survey 
sites. 






Combined with many 
investigators to observe and 
analyze the same objects or the 




Observing and explaining the 
social phenomena studied from 
different research hypothesis, 
observation angle and analysis 
theory 
The Activity Theory and 
User centered theory 





measurement angles to measure 
the same problem, and 
combining different research 
methods to study the same 
problem. 
Interviews and 
questionnaires were used 
to explore the same 
problems. 
Table 3.5 Overview of Triangulations Applied in this Study 
3.2.7.2 Reliability 
Reliability is another important point for judging survey methods. Reliability is a 
necessary condition for validity. In the investigation of research, it is advisable to 
strive for consistency of reliability and validity. The method of investigation and 




divided into external reliability and internal reliability. Internal reliability refers to 
the consistency of data collection, analysis and interpretation under the same 
condition. If qualitative research lacks intrinsic reliability, data would become a 
collector's function, not a function of actual events. External reliability deals with 
whether independent researchers can replicate research in the same or similar 
situation. If the results of the study are credible, researchers will get relevant 
results using the same methods and conditions as the previous study (Morse et al. 
2002). 
 External reliability  
Wenke Wang believes that the "external reliability" of qualitative research refers 
to the extent to which independent researchers can find the same phenomenon in 
the same or similar situation (Wang & Wang 2014). It indicated that the 
verification of reliability should not be duplicated, because human behaviour is 
not static, but a series of dynamic combinations. For example, ethnography is a 
strategy of direct data collection and analysis in the form of observation, which 
synthesizes some qualitative research. In this study, the role and background 
information of participants are collected during interviews and user surveys to 
enhance the external reliability of data. 
 Intrinsic reliability 




collection and interpretation among data collectors. For example there are 
multiple observers who are consistent in a single study, especially when there are 
several research teams in several workplaces. Qualitative research is based on 
human tools, so we must pay special attention to the reliability of interactive 
observers, that is, whether the description of events is consistent rather than 
whether the records of occurrence frequency are consistent (Bhattacherjee 2012). 
During interviews and observation, internal reliability is increased by means of 
tape recorder and camera. 
This study used the following two methods to ensure that the results of the 
research were reliable. The first is the researcher's position. The researcher should 
explain the theory and hypothesis behind the research. What is his position on the 
subject, how to choose the object, and in what social context to collect 
information? The second is triangulation, using different data collection methods 
to improve reliability. 
Long term data collection is a kind of method to improve reliability. In the process 
of observing nurses’ activities, the data were collected over several months. 
Verification or membership examination was also an efficient method. In the 
process of user interviews, the process of returning to the participant's interview 







This was a mixed method research, which also took the perspectives of the 
Activity Theory to examine the contents, evolution and implementation of a 
mobile nursing system to obtain closed-loop medication administration. In order 
to answer this research question, many methods, including quantitative and 
qualitative methods were adopted.  
Through the project, the mobile nursing system had been designed and used in 
some wards to achieve closed-loop medication administration. In order to obtain 
an effective and appropriate system design, the user centered design method had 
been adopted with the focus on the user’s true requirement and the user interface 
design. By describing the design and implementation process of the whole mobile 
nursing system, the feasibility of each stage of the mobile nursing system was 
demonstrated. 
Qualitative data retrieved from interviews and ethnographic research adds 
expectations, additional aspects, arguments, feelings and motivations to explain 
and elaborate research issues. Quantitative data retrieved from questionnaire is 
used for evaluation purposes in this study. 
The purpose of the next chapter is to show the results and findings of the data 





















Chapter 4: Results and Findings 
This chapter presents the analytical approach and explains the results and findings 
obtained from the selected case hospital which was Jiangsu Province Hospital in 
China. A mobile nursing information system project was conducted in this 
hospital from October 2014 to January 2016 for 16 months. This hospital and the 
implemented mobile nursing information system project in this hospital were used 
in this study as an exemplary case to answer the research question: How to use 
mobile nursing system to achieve closed loop medication to deliver high quality 
and safe nursing care? In order to answer this research question, the two 
sub-questions are also needed to be investigated: “What are the key issues in 
designing and using mobile nursing system in the implementation of the 
closed-loop medication administration?” and “What are the benefits and problems 
when utilizing mobile nursing system to achieve closed-loop medication 
administration?”  
For conducting the study, the researcher participated in the whole design and 
implementation process of the mobile nursing information system project for 16 
months. The collected data was grouped into two parts. The first part is the brief 
introduction of the case hospital and the description of the design and 
implementation process of the mobile nursing project. This part of data was 
collected through participant observations and all the available documents such as 




project meetings, the system design materials and other project submission 
documents. The design and the implementation processes were conducted with the 
adoption of user-centered design methods. The other part is data for evaluation the 
effects brought by the conducted mobile nursing system. This part of data was 
collected through the interviews, questionnaires and ethnographic observations 
and the data was collected and analyzed through the lens of Activity Theory. The 
results from interviews were analyzed with thematic analysis method and the 
results from questionnaires were analyzed with arithmetic analysis.   
The results and findings revealed from the analysis can then be used to better 
understand the positive affection towards closed-loop medication administration 
from the mobile nursing system (MNIS), the key points in designing and using the 
system as well as the benefits and problems of the system. 
This chapter is organized as six subsections. Subsection 4.1 describes Jiangsu 
Province Hospital and gives a summary of its operation status providing some 
statistic data. The next part describes the whole process of designing and 
implementation of the mobile nursing system in the case hospital. The results and 
findings from interviews are presented in subsection 4.3. The following parts are 
about the collected data and information from the questionnaire and the 





4.1 Jiangsu Province Hospital: The Case Study Site 
The case study for design and utilizing mobile nursing system was launched in 
Jiangsu Province Hospital. This section is the brief introduction of the case 
hospital. The data was collected from the website of the hospital, the 
organizational annual reports and other related internal documents of this hospital. 
Jiangsu Province Hospital is also named as The First Affiliated Hospital with 
Nanjing Medical University, Jiangsu Clinical Medicine Research Institution or the 
Red Cross Hospital of Jiangsu. At present, this hospital is recognized as the best 
and biggest comprehensive hospital in Jiangsu province, taking charge of four 
central roles for the whole province: medical treatment, medical teaching, 
scientific research, and hospital ethics activities. 
The Department of Cardiology is a National Key Discipline. The Gastrointestinal 
Medicine, Gynecology, Clinical Laboratory Medicine, Clinical Nursing, 
Cardiovascular Department, Hematology Department, Endocrinology Department, 
Occupational Disease Department, Respiratory Medicine, General Surgery, 
Urology Department, Liver Transplantation Laboratory, Rehabilitation 
Department, Organ Transplantation Department, Geriatrics Department, 
Emergency Department, Pathology Department and Obstetrical Department of the 
hospital are the 18 Key Clinical Specialties of the national level. 




The mobile nursing information system is very complicated and difficult to 
observe, many unexpected problems could be encountered in the design and 
implementation stages. Since this case site is a famous large comprehensive 
hospital so the situation there is very complex, so the solution is reliable, because 
in this single case scene, there will be a variety of problems and solutions. 
4.1.1 Jiangsu Province Hospital: A Historical Overview 
Jiangsu Province Hospital was the Affiliated Clinic of Jiangsu Medical College 
which was established in 1936 with only 13 employees at the beginning. Now this 
hospital already has a history of more than 80 years and became the biggest and 
best hospital in Jiangsu Province, China. The hospital now covers an area of about 
410 thousand square meters, with a floor area of 270 thousand square meters. The 
fixed assets of hospitals are about 2 billion RMB. So far, the hospital has 4000 
beds and over 5000 employees. 
According to the comprehensive ranking of the best hospitals in China issued by 
the School of Hospital Management of Fudan University, Jiangsu Province 
Hospital ranks as the 27th in China. Rehabilitation has been at the forefront of 
China's list of the best specialties, and 10 other specialties have been nominated. 
According to the ranking of scientific and technological influence released by the 
Institute of Medical Information, Chinese Academy of Medical Sciences, this 
hospital ranked 18th among all hospitals in China. In the discipline ranking, 





Jiangsu Province hospital regards development as the first priority and persists in 
the idea of innovation, coordination, greening, openness and sharing. We will 
implement the development strategy of science and technology education 
hospitals, the strategy of strengthening hospitals by talents, the strategy of brand 
establishment, the strategy of cultural harmony, and the strategy of alliance 
revitalization. The hospital will highlight social benefit, uphold their spirit 
concerning “Ethics-Tech Highest Patient First”, adhering to the "people-oriented, 
social reward" concept and focusing on the four core tasks of medical treatment, 
teaching, scientific research and hospital ethics, we strive to build a national 
clinical medical center. 
4.1.2 Jiangsu Province Hospital: Performance Indicators 
As a not-for-profit public and the most famous comprehensive hospital in Jiangsu 
Province, Jiangsu Province Hospital continues to improve the quality of clinical 
treatment so as to provide better medical services for patients. Over the past years, 
the hospital has continuously strengthened the infrastructure construction and 
improved the level of clinical services. The hospital has treated more and more 
patients through the quality service and advanced medical technology. During the 
past ten years, the performance of Jiangsu Province Hospital has shown positive 
growth in different indicators like total patients amounts, discharged patients 




As shown in the following Figure 4.1, the annual number of outpatient and 
emergency visits of this hospital in 2008 is 2,800,000 while the number has 
increased to 4,239,000 in 2017. The growth rate is 151% which means that the 
patients’ demand continues to grow. 
 
Figure 4.1 Number of Outpatient and Emergency Visits at Jiangsu Province 
Hospital between 2008 and 2017 
Adopted from the Annual Reports (2008-2017) 
It can be seen from Figure 4.2 that the annual number of patients discharged in 
2017 in this hospital was 146,000 whereas the number for 2008 was only 54000. 
The operations performed in 2017 were 79,000 while the amount of 2008 was just 
33000. For these two parameters, both the growth rates have exceeded 235%. The 
numbers illustrated both the increase of the patients demand and the 





Figure 4.2 Total Patients Discharged and Operations Performed at Jiangsu 
Province Hospital between 2008 and 2017 
Adopted from the Annual Reports (2008-2017)  
As shown in the following Figure 4.3, the patients' average length of stay in 
Jiangsu Province Hospital for 2008 was 13.3 days while the number of 2017 was 
only 8.2 days. The obvious decrease of the patients' average length of stay in this 
hospital had shown both the increase of the patients number severed and the 





Figure 4.3 Patients' Average Length of Stay in Jiangsu Province Hospital between 
2008 and 2017 
Adopted from the Annual Reports (2008-2017)  
In this hospital, there were a total of 5000 inpatients beds organized by 130 wards. 
There are around 3000 nurses in the hospital with a 1:0.5 bed-nurse ratio. The 
hospital's nursing management organization system is well established. Strict and 
sound rules and regulations, practical and innovative management concept and 
well-trained nursing team have laid a solid foundation for ensuring the quality of 
clinical nursing, improving the level of nursing teaching and scientific research. 
As can be seen from the above description, the selected hospital is a large public 
hospital and has solid clinical and nursing ability with sophisticated situation 
because of its large number of patient service. Therefore Jiangsu Province 
Hospital has the ability to present the situation in achieving closed-loop 




4.2 Design and Implementation of the Mobile Nursing System 
This sub-section is the description of the design and implementation of the mobile 
nursing system conducted in the case hospital. The information was collected 
through ethnographic part of the study which included participant observations 
and all the available documents such as minutes of all the project meetings, the 
system design materials and other project submission documents.  
The purpose of launching such a mobile nursing information system project is to 
improve the whole process of nursing service, truly achieve the goal of achieving 
closed-loop medication administration so as to improve patient-oriented clinical 
service and scientific and modern nursing management in the case hospital. The 
mobile nursing system was designed for inpatient nursing service, which covers 
the functions of the whole medical service flow of inpatients and nursing quality 
management. The system was developed using modern computer network 
technology, database technology and other technologies and optimized and 
integrated the existing nursing management work flow. Based on the detailed 
analysis of the actual work situation of nurses in the hospital, a highly efficient, 
convenient and standardized mobile nursing information system was designed and 
implemented, so as to realize the transformation of nursing work from manual 
nursing management to automatic computer management. The establishment of 
this mobile nursing information system had greatly promoted the development of 




In order to ensure the scientific implementation and management of the mobile 
nursing system projects, Jiangsu Province Hospital had set up a mobile nursing 
system construction project team. The project team was comprised of nurses and 
IT experts. Regarding the appropriate administrative position in the organization, 
the information department, nursing department leadership and the project 
manager of the vender acted as the general manager for the project in order to the 
effective project implementation. Therefore, a shared goal that united the three 
collaborating partners together was producing a high quality mobile nursing 
information system to strengthen the position of nurses in their efforts to improve 
working conditions and quality of medical service. As a temporary and relatively 
independent group, the project team needs to be understood, sympathized and 
supported by relevant personnel in order to deal with various difficulties and 
problems in the process of implementing the project. According to the actual 
process of nursing work and the standard of nursing profession, the 
comprehensive requirement of the mobile nursing information system was 
formulated. 
As the initiator of the mobile nursing information system development, the 
nursing team was actively driving in the development, providing the engineers 
with access to the nursing knowledge and resources. The project team conducted 
observation in the hospital wards upon informing the director of nursing and 
without disturbance the nurses’ workflow. In addition, in the various stages of 




quantitative evaluation methods such as interviews and observation were used to 
assess the performance of the system comprehensively, and provide guidance 
suggestions for the design, development and implementation of such a system. A 
remarkable point which is worth mentioned was that the director of nursing 
management department had assigned several head nurses responsible for various 
clinical service processes respectively. It had been demonstrated to be very 
efficient in this project since all the head nurses were very serious and responsible 
for their specified part. 
4.2.1 System Design  
The user-centered design method was adopted in the design of this mobile nursing 
information system. As stated in the last chapter, the design procedure included 
four activities: understand user requirements, specify user requirements, produce 
design solution and design evaluation. 
4.2.1.1 Understand User Requirements  
Understanding the requirements of users is the first step in the system engineering 
procedure and software development procedure. It refers to the process of 
determining the target, scope and functions of a software system according to the 
expectations from users (Pohl 2010). If the real requirements could not be 
detected and defined clearly, then the completed software system would not 




the specified time. Therefore, although people used to consider the requirement 
analysis phase as the most simple step in the whole software engineering process, 
but in the recent years more and more people treat this step as the most important 
and critical process (Wiegers & Beatty 2013). In the phase of requirement analysis 
phase, the optimized and integrated working process and the exact user demands 
were determined. After two months of requirement analysis, the system 
requirements were clearly defined. All the defined requirements came to the next 
phase after requirements validate by the project team. 
At this stage, the common goal motivated the project team to communicate, 
negotiate, compromise and collaborate in the participative analysis process. To 
solve the challenge of ambiguity of requirements and difficulty in understanding 
the view point of each other, the engineers and the nurses really collaborated to 
understand each other. Patience, collegiality, and trust led to high morale, mutual 
learning and development.  
In this phase, the routine project meetings were conducted weekly. The meetings 
usually began from the late afternoon and last for one to three hours. Any idea, 
issue or suggestion was discussed; the information related to the project was 
transparently shared in these meetings. Each individual team member took an 
independent position on the problems. After discussion, the final decision was a 
rational choice based on the analysis of various scenarios, weighing pros and cons 




member after every meeting.  
User interviews are the basis of many evaluation methods and are suitable for the 
early exploration stage of requirement evaluation. Through the interviews with the 
nurses and the IT department engineers and the observation of the practical 
nursing daily job, the functions requirements of the system were collected and 
analyzed. The best way was to combine user interviews with other assessment 
methods. After obtaining the main user opinion evaluation through user interviews, 
the questionnaire survey or observation methods were used to obtain large-scale 
crowd needs assessment of the system, and thus get statistically significant 
evaluation results. 
In order to fully understand the workflow of nursing care, direct observation of 
the nurses working process were conducted. During the observation, the system 
design engineers communicated deeply with the nurses and understand the views 
of the nurses. They asked the behind reasons beneath the ideas from the nurses 
immediately if they had questions which would make the observation more 
effective. Nursing teams provide requirements for the system, including nursing 
document forms and data, information flow and consistency with other hospital 
information systems in other departments. To better understand the working 
practice of nurses, the experience of automated hospitals and automation related 
work and costs, IT department engineers in the hospital need to capture and 




The establishment of the mobile nursing system was based on the existing 
Hospital Information System (HIS) and Electronic Medical Record system (EMR). 
Therefore, in addition to the considerations above, the original functions of related 
information systems such as the HIS and the EMR system were also investigated 
by the project members.  
4.2.1.2 Specify User Requirements 
Through two months of observation and communication with clinical nurses, the 
user requirements were fully understood by the project team. On the other hand, 
making the boundary of the system according to the nursing business flow and 
sort out the relevant functional modules was also important points. Not all the 
requirements should be finished in the first phase, the scope of the system is 
critical for a success and timely system implantation. 
To fully recognize the requirement functions for the system, the whole 
hospitalization process for inpatients in Jiangsu Province Hospital should be 
understood in advance. The following Figure 4.4 represents the whole 
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Figure 4.4 Inpatient Hospitalization Process in Jiangsu Province Hospital 
Firstly, at the admission phase, nurses communicated with patients to get some 
basic information and conducted admission education including some information 
about the patient’s illness and some general precautions. Nurses also needed to 
measure some vital signs using the related equipment. Then they filled out 
admission assessment forms and vital signs record forms, which are hand-filled 
for Jiangsu Province Hospital before the utilization of mobile nursing system. 
Then the nurses should go to the nurses' workstation to convert paper-based 
information into electronic documentations, which make it easier to share among 
different clinical professionals, but this method is not timely, and the repetition of 
the record forms increases the workload of nurses. 
Secondly, after the patient completed the admission procedure, there are repeated 




related clinical examination and develop a clinical treatment plan according to the 
examination results. Then doctors prescribed appropriated medical orders in 
relation to the clinical treatment plan. The nursing staff would carry out medical 
care service according to the doctor's medical orders and instructions during the 
patient's stay in hospital, including infusion and drug delivery and other clinical 
procedures.  
Finally, when the clinical treatment plan was completed and the patients were 
ready to be discharged, the doctors would subscribe the discharged order. The 
nurses do the detailed parts including the health education, the instruction for 
medicine after discharged and soon on. Following this, the patients were 
discharged from the discharge office. In this manner, the whole hospitalization 
process was completed 
When analyzing the user requirement in this hospital, the related standard 
documents from the national level was investigated. In the notice of the General 
Office of the Ministry of Health on the issuance of the "Methods and Standards 
for the Evaluation of the Application Level of Electronic Medical Record System 
Functions (Trial)", the application level of electronic medical records is divided 
into 0-7 levels. The requirements for reaching the level 6 are clearly defined as: 
achieving closed-loop management of medical data in the whole process of 
medical care, providing advanced medical decision support, and achieving 




The aim of the implementation of the mobile nursing information system was to 
achieve the closed-loop medication management according to the standards of 
level 6 as described above. Prior to the mobile system was launched, there was no 
effective supervision method for the hospital towards nurses to perform the 
clinical treatment for patients. There was almost no electronic record in the actual 
drug administration, dispensing, infusion, blood draw, blood transfusion, 
treatment and other information of order execution process. There was no 
information data support for the execution nurse and the completion time. As a 
result, it was impossible to find out which link has a problem afterwards if a 
medial error occurred. This was a gap in the entire medical order process for 
Jiangsu Province Hospital before the new mobile nursing system adopted. In order 
to achieve true closed-loop medication management, the requirement for the 
systems was identified. 
The results of requirements analysis included two aspects: the functional 
requirements and non-functional requirements which showed the system design 
ideas and user needs clearly. The functional requirements included four aspects 
which were daily nursing job, quality control functions, nursing management 
functions and information exchange with other systems, as shown in the following 





Functional Requirements Category Included Functional Requirements 
Daily nursing job functions  
Information request 
Information identification 
Medical order execution record 
Nursing medical record documentation 
Quality control functions  
Quality control score 




Nursing management functions Nursing job assessment  
Statistical Analysis 
Information exchange with other 
systems 
Basic information synchronize 
Business data interaction with HIS, 
EMR, LIS, PACS etc. 
Table 4.1 Functional Requirements for the Mobile Nursing System 
a) Daily nursing job 
The conduction of nursing daily job is the most basic and important function of 
the mobile nursing information system. It mainly includes the basic procedures of 
the routine jobs in the clinical wards, including information request and 
information documentation. The nurses need to check the list of patients, the basic 
situation of patients and the situation of the medical orders anytime anywhere. 
Nursing documents were written, nursing records were filled out at the bedside, 
the execution of medical orders and patient's information were recorded, and 
infusion was dispensed. Nursing records are also objective information that 




Therefore, the contents should be timely, accurate, objective, realistic and 
complete. 
The mobile nursing information system was utilized to break through the 
traditional way of nursing work flow. By clicking on the patient's bed number, the 
patient's basic information and basic clinical treatment information was displayed, 
or by clicking on the bed number drop-down list, it can switch the patient 
information needed to fill in the nursing record. Through the wireless network, the 
check and documentation work was handed over using PDA or other mobile 
devices to complete just at bedside or any place in the wards without having to go 
back to the office computers. 
The initial nursing requirement of the system is to automate nursing documents, 
collect data from biomedical equipment in real time, and automatically generate a 
24-hour special nursing form. Actually, the introducing of the Electronic Medical 
Record (EMR) system did not improve the efficiency of nursing workers in 
nursing document work (Munyisia, Yu & Hailey 2012). On the other hand, the 
EMR system made the nurses spending more time to record the required 
information such as the time and operators of every medication order. Therefore, 
the efficient documentation function of the mobile nursing system for the nursing 
work flow was very important in the design of the system. All the documentation 
work such as recording patient's physical data, the execute information of the 




in a simple way. This ensured the nurses can do the documentation job anytime 
anywhere in the ward so as to reduce the working load of nurses.  
b) Quality control 
In order to improve the quality of clinical service for nurses, quality control 
functions were vital and should be launched. It was requested by the nursing 
management that quality control includes quality control score, quality control 
analysis, review marks, rectification tracking and alarm reminder. In the process 
of requirement analysis, the system should first be established according to 
hospital quality control standards, including nursing quality evaluation standards. 
The standards indicted how to evaluate nursing job quality including nursing 
quality evaluation formula and nursing quality evaluation category. The detailed 
nursing quality control function points included nursing job quality inspection, 
regulate spot check, generate the plan sheet, register the inspection questions and 
feedback to realize the quality control score and quality control analysis. At the 
same time, the system also records the review marks, tracking the places that need 
to be rectified, and alarming for special events when anomalous signals were 
detected. 
c) Nursing management 
The nursing management module mainly included the collection of nursing 




patients. Nursing records are the original written nursing data recorded by clinical 
nurses after their treatment of patients according to doctor's medical orders and 
instructions. They are an important part of the work of in-patient nurses and are 
very important and objective legal basis. It is an important evidence of nursing 
behavior in the implementation of medical orders. It is also an important part of 
scientific research, teaching materials, administrative management, laws and 
regulations.  
The nursing management was achieved through related assessment functions. The 
assessment functions in nursing management module was divided into: admission 
assessment sheet entry, general nursing record sheet entry, special nursing record 
sheet entry and pressure ulcer assessment sheet entry. 
In writing nursing records, some commonly used nursing measures can be 
completed in advance at the time of system initialization, and can be selected 
directly during the process of filling in nursing evaluation records. No repetitive 
manual input was needed, the workload of manual filling is reduced, the records 
of historical evaluation can be viewed and the nursing evaluation records can be 
printed. 
d) Information exchange with other systems 
There were already many information systems been used in Jiangsu Province 




different information processing covering different clinical departments, different 
clinical professionals and different clinical processes. On the other hand, from the 
perspective of patients, all the clinical treatment should be patient-centered and all 
the information should be consistent and continuous. As a result, the information 
exchange with other system for the new mobile nursing information system was 
very important. The first part of information exchange was the data 
synchronization of all basic information such as the basic information of clinical 
departments, doctors, medicines and so on. Another important aspect of 
information exchange is the synchronization and sharing of business data in the 
whole medical processes among different information systems. For example, the 
basic information, treatment information, admission information, departments, 
doctors, nurses and ward information in the mobile nursing information system 
should be automatically generated according to the information registered in the 
HIS system at the time of admission, without manual filling. 
4.2.2 System Design Solution 
According to the target defined requirements, combined with the feasibility of 
system design ideas, the related business processes were integrated and modeled, 
so that the follow-up system construction work can be better around the nursing 
business to achieve efficient development. The outputs of the system design phase 
were the functional modules and specific solutions of the mobile nursing system 




such a system is to make the nurses working in a more efficient and accurate 
mode so as to improve the efficiency, the quality of nursing care and patient 
safety.  
The objectives of the overall design of the mobile nursing system were shown as 
following: 
a) To develop a system based on B/S structure, including the stability and 
security of physical equipment, software system and database; 
b) To have real-time online processing capability, nurses can access and read 
the relevant information and record the operations using the tablet through 
wireless local area network; 
c) Standardize and paperless management to improve the work efficiency of 
nurses; 
d) Establish a new mode of hospital nursing management and improve the 
scientific decision-making in nursing management using the data from the 
system; 
e) A secure wireless network environment with reliable and fast access;  
f) Authority allocation, data backup and recovery operation functions for 
system administrators. 
The system design principles which were followed in the design procedure were 




a) Easy to operate, easy to learn and easy to use 
The system operation interface should be user-friendly in design, easy to learn and 
master, easy to operate, and provides help material for using guide.  
b) General and practical principles 
The system design function is practical and strong, and the system developed is 
suitable for different scale hospitals. The hardware and software environments can 
meet the needs of hospitals of different sizes and types. 
c) Extensibility principle 
The system provided a common software interface, and the functions that have 
been developed are linked to the interface provided by the system. It is flexible be 
expanded for the increase or adjust of functionality in the future. 
d) Confidentiality and safety principles 
System security design mainly takes into account the different identities of users, 
so it could be applied to different clinical departments. Personnel were managed 
according to different levels, and different nursing staffs in different departments 
were classified, and different levels of users were set up respectively. The 
password for accounts could be set on the basis of personal preferences. For 
database security, complex user names and passwords should be set up, and only 






4.2.2.1 System Structure Design 
As for the architecture design, the mobile nursing system adopted the traditional 
three-tier architecture mode. The three-tier architecture mode included 
presentation layer, business logic layer, data access layer which is shown in the 
following Figure 4.5. 
 
Figure 4.5 The Three Tier System Architecture Diagram 
a) Presentation layer: Presentation layer mainly realizes the interaction 
between the system and the users, displays the data of the business logic layer, 
and synchronizes the data input by the user into the business logic layer. 
Actually, it is the human-machine interaction interface created by system 
application or web browser. 
b) Business logic layer: Business logic layer is the core of business process and 
rules. By calling the data access layer, it can process all kinds of information 
request or operations input by users. 
c) Data access layer: This layer is responsible for saving and reading data, 
providing database access interface for business logic layer. In addition to 




binary files, text documents, and so on. 
The system architecture diagram for the mobile nursing system is shown as the 
following Figure 4.6. The mobile nursing information system was built on the 
Local Area Network (LAN) of the case hospital. .NET technology was used as the 
development and operation platform of the system, and Web Service technology 
was used to provide information interchange services. The Simple object Access 
Protocol (SOAP) was adopted to realize the interaction between the foreground 
and the background which could ensure the interface and business logic do not 
interfere with each other. When changing the user interaction, it does not need to 





Figure 4.6 System Architecture Diagram for the Mobile Nursing System 
Regardless of the reasons why the three-tier architecture is conducive to group 
development and collaboration, the other reason for choosing this architecture was 
that the hospital needs for the system would change with the progress of 
management level or business knowledge. Therefore, in this situation, only the 
presentation layer needs to be modified for a three-tier architecture. In other 




Considering the characteristics of the nursing working process and the work of 
doctors and nurses, B/S structure was adopted in the design and development of 
the system. The computers of doctors' and nurses' workstations were connected to 
the servers of the network center through the hospital wired network. The PDA 
device in the nurse's hand had access to the database server of the mobile nursing 
system through the wireless network system set up by the hospital. 
For a large amount of data processing and computing procedures by the server to 
complete, the server installed a relational database to complete all data storage 
and processing. The client device only needs to complete some simple program 
operation, such a design pattern and in line with the existing hospital network 
frame. At the same time, this hybrid mode also makes the entire network 
architecture robust, stable and convenient. In this manner, the server should be 
equipped with high performance configuration for better system performance. 
The network server of the system was located in the central apparatus room of the 
hospital. Besides the mobile nursing information system, the servers of other 
hospital information systems, such as Hospital Information System, Electronic 
Medical Record System and financial management system, were installed in the 
central apparatus room either. 
Data in the server can be shared by all clinical departments of the hospital. 
Computers or tablets in nursing stations, doctors' workstations and nurses' 




system was distinguished by the department code and user ID when designing the 
login system for nurses in different departments. 
4.2.2.2  System Flow Design 
After careful observation, communication and interviews with the representative 
nurses to explore their needs for system functions and processes, and to track the 
underlying causes behind these perceptions, the original workflow had been 
clearly understood and the new workflow with the mobile nursing system had 
been defined. 
a) The original workflow before using mobile nursing system 
The original workflow for clinical ward nurses before the introduction of the 
mobile nursing information system is shown in the following Figure 4.7. The 
workflow chart represents the business process of nurses' daily job in a clinical 
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Figure 4.7 Workflow of Nurses before Using the Mobile Nursing System 
For the everyday job, nurses checked the list of responsible inpatients at the 
beginning. If there was a new admission patient, the nurse needed to arrange bed 
for the patient firstly, collect the vital signs and the past medical history of the 
patient, carry out hospitalization assessment (including health education and 
nursing risk factors assessment), signs relevant responsibility notices with the 
patient. After admission assessment, if there was no abnormality, the nurse would 




nurse should report it to the doctor and head nurse. The head nurse should 
formulate rectification measures and notice the responsible nurse. Then the 
responsible nurse received the rectification measures instruction and implemented 
the treatment strictly according to the rectification measures. Emergency 
diagnosis and treatment measures were evaluated and assigned to the nurse, and 
the risk factors of the patient were tracked throughout the nursing department. 
For the routine diagnosis and treatment process, nurses should act strictly 
according to the doctor's medical orders and related instructions. In the traditional 
way, nurses needed to print doctor's orders, proofread doctor's orders, check 
doctor's orders, carry out doctor's orders, bind bottle labels, dispense medicines, 
check medicines, and carry out three inspections and seven verifications before 
execute doctor's medical orders. Nurses spent most of their working time checking 
information manually, without any supervision and control over the whole process. 
Once there was a medical error, the patients would possibly be hurt for different 
level.  
For the documentation job, the vital signs of patients, nursing medical record, 
corresponding nursing measures and treatment of the patients, the order’s 
execution status, the information of evaluation sheet and nursing record sheet 
should be recorded in detail manually before the new mobile nursing system 
introduced in this hospital. The process of recording information was complex and 




a pen firstly as they got the information at the patient side and they had to record 
it to the computer after they came back to the office. As a result, the information 
recording was always delayed and there is a high probability of incorrect 
information input which was risk for medical errors.  
For the original workflow, not only the nurses’ job was time-consuming, the job of 
doctors was also inefficient. It was because that the timely and accurate 
information acquisition is vital for the doctors to develop follow-up medical 
treatment plans. In the condition that the doctors could not receive timely and 
correct information, there would be risk for potential medical errors to occur. 
b) The new workflow after using mobile nursing system 
Since the original workflow was understood, the new workflow after mobile 
nursing system is defined according to solve the problems identified. The new 
workflow chart is illustrated as the following  
Figure 4.8. Although the working process still included the execution and 
documentation covering the whole hospitalization process from admission to 
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Figure 4.8 Workflow of Nurses after Using the Mobile Nursing System 
Compared with the nursing workflow before introducing the mobile nursing 
system, PDA is the most obvious feature and highlight. As shown in  
Figure 4.8, after the mobile nursing information system was put on line, the 
changes from manual recording of patients' vital signs and medical history to 




assessment by the bedside of nurses, and automatic transcription to the mobile 
nursing information system platform are realized. It is not necessary for nurses to 
write by hand once and then input it into computer to increase the workload of 
nurses and reduce the efficiency of nurses. After the evaluation, it can be reported 
step by step automatically. Therefore, the new workflow enable the nurses record 
the required information and execute the clinical treatment at bedside at the same 
time whereas they used to do clinical treatment and documentation separately 
before the new system introduced. 
Another improvement was the nursing management. The head nurses could 
receive timely reminder when there were abnormal patient information through 
the system whereas they used to wait for the reporting from the reprehensive 
nurses. From the perspective of nursing management department, the quality 
control and evaluation was conducted in a timely manner as the new mobile 
nursing information system collected the related information automatically 
whereas the information collection used to be time consuming and inaccurate 
without the new system. 
After launching the new system, the nurses could record the patient's vital signs 
and the order’s execution status in a timely and accurate way using the PDA in the 
bedside of the patients in the wards. Therefore the doctors made decisions of the 
follow-up treatment according to the timely and accurate information acquisition 




4.2.2.3  Main Functions of the System 
According to the requirement analysis, the main functions were designed to meet 
those defined requirements. The main functions included identification of the 
patient, medical order execution and nursing activity records.  
a) Identification of the patient 
Identity recognition is the first step of closed-loop medication management to 
ensure that the medical orders are executed at the right time in the right way for 
the right patients with the right medicine and the right dosage. It is the basis of 
various medical and nursing activities and is the guarantee of medical service 
quality and patient safety. The "Patient Safety Target (2014-2015)" issued by the 
Chinese Hospital Association stipulates that: strictly implement the checking 
system, correctly identify the patient's identity (Goal 1), and improve drug safety 
(Goal 5) (Chinese Hospital Association 2014). 
Identification process is designed as follows: when a patient is admitted to the 
hospital, the information system uses the patient's previous hospitalization number 
as the patient's wristband identification bar code according to the Enterprise 
Master Patient Index (EMPI). If there are no previous hospitalization records, the 
hospitalization number will be automatically generated and used as the patient's 
wristband identification number of the bar code. At present, two-dimensional code 




For all hospitalized patients, two-dimensional bar code wristbands were used for 
identification and verification in the new mobile nursing system.  
In the admission procedure, a wristband printed a two-dimensional bar code 
would be given to the patient. The wristband information includes name, gender, 
age, ID number and two-dimensional bar code for scanning identification. The 
patient was checked by the nurse when he arrived the ward and wore the 
wristband to complete the admission identification check. During the whole 
hospitalization period, the patients wristband need to be scanned and checked for 
the purpose of patient identification before the execution of any medical orders 
every time. When discharged, the patient can use the wristband bar code to make 
an appointment for discharging business, handle discharging and take back the 
wristband of the patient to complete the discharging process.  
When patient was identified through scanning the barcode in the wristband, the 
right information could be obtained immediately by the new system. In the course 
of medicine treatment, the nurses use PDA to scan the two-dimensional barcode 
which would ensure that the correct information about the patient is provided to 
the nurse at the screen of the PDA. The process is as shown in the following 





Figure 4.9 Scan the Wristband for Patient Identification 
Not only the basic information of the patient was obtained by scanning the 
two-dimensional barcode on the wristband, other related information could also 
be achieved in a timely manner. For example, the information of the medical 
orders of the patient and the situation of the order such as whether it was executed, 
the execution time and the execution nurse can also be displayed in the PDA. For 
the blood sample collection of laboratory test order, the patient’s information and 
the laboratory test order information was obtained and checked through scanning 
the barcode on the patient’s wristband and in the test tube to ensure the patient's 
blood sample was collected correctly. Thus, two-dimensional barcode played an 
important role in identity information recognition. 




The execution process of medical orders was the most important procedure for the 
whole hospitalization period of the inpatient. The whole process involved several 
clinical roles including the doctors, nurses and pharmacists. Firstly, the doctor 
input the medical order information through the computer, and then the inputted 
information is automatically stored in the database of hospital information 
management system. Secondly, nurses need to proofread the medical orders 
before the orders being transferred to the pharmacists. After that, the pharmacists 
can dispense medicines according to the information of doctor's medical orders 
displayed in the hospital information management system. Finally, for the 
implementation of doctor's medical orders, there were obvious differences after 
the system implementation compared with the old workflow. For the old nursing 
workflow, nurses could only read the information through the computers in the 
nurse station. They had to check all the information through the printed 
documentation at bedside when they executed the medical orders. However, with 
the introduction of the new mobile nursing system, nursing staff read the doctor's 
medical orders from the new system when operating the PDA equipment at 
bedside, and then execute according to the accurate and timely information. The 
difference is illustrated as the following Figure 4.10 and Figure 4.11. Comparing 
the flow chart of nurses' transfusion before and after using the mobile nursing 
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Figure 4.11 Nurse Dispensing Process after Using the Mobile Nursing System 
After the new mobile nursing system was adopted, there were also some other 
improvements in the medical order execution process. The PDA equipment also 
had reminder function, which can remind the nurses about the information of 
medical orders that nursed need to execute at present and can automatically 




medical orders that have been executed can also be viewed and inquired so as to 
make the nursing procedure much clearer. The whole process is as shown in the 
following Figure 4.12. 
 
Figure 4.12 The New Medical Order Execution Process 
In the new execution process of medical order with the utilization of the new 
mobile system, the medical order information was automatically uploaded to the 
server of the mobile nursing system, synchronized with the hospital information 
management system. As a sequence, nurse can view the current medical order 
information online through a PDA device. Furthermore, the PDA equipment 
would also remind the nurses for new or modified medical advice information and 
nurses can proofread the medical order information through the PDA equipment. 
After proofreading, the nurse could submit the confirmation information of the 
medical orders immediately. 
The identification of both the patients and the medicine was simple and was 




information could be accomplished through just scanning the patient's wristband 
and the barcode on the medicine by the nurses using the PDA. If the identification 
information was correct, the nurses could then execute the order according to the 
instruction which also could be attained using the PDA. The PDA device could 
store the information after executing the medical order to the database in the 
server for enquiry. The system would automatically generate the actual executor 
and execution time of the medical order by the nurses through just clicking the 
responding PDA device button. 
Closed-loop medication management means the record and trace of the whole 
process for medical order execution which includes order prescription, medicine 
receiving (dispensing by intravenous dispensing center), medicine dispensing 
(dispensing by nurses), and medicine taken. The entire process of closed-loop 
medication management was achieved in the hospital with the utilization of the 
new mobile nursing system and the PDA device. The key points include bedside 
patient information checking and inquiry, nursing care process recorded, tracking 
medical order advice and medication order executed. The data could be displayed 
in other systems such as Electronic Medical Record system (EMR) through the 
real-time data synchronization. The whole process of clinical medication 
execution would be tracked to avoid errors in medication, treatment and other 
aspects of implementation so as to achieve traceability, improvement of work 




The closed loop management of clinical blood transfusion is also a critical aspect 
for patient safety for the reason that the consequence would be very serious if 
there was even a tiny mistake in blood transfusion process. This required the 
timely recording of the whole process including prescribing blood transfusion 
orders, signing informed consent form, blood transfusion application form, blood 
transfusion department examination, cross matching, blood storage, billing, ward 
nurses receiving blood, checking all the information, bedside blood transfusion 
and potential adverse reaction records. Most of the closed-loop processes were 
embodied in the information system and the blood transfusion management 
system, and the mobile nursing system realized the closed-loop management of 
blood collection, check, bedside transfusion, adverse reaction record and 
transfusion evaluation by nurses in the ward. The new blood transfusion execution 
process with the mobile nursing system is shown as the following Figure 4.13. 
What is notable is the reminder function which combined the Clinical Decision 
Support aspect. Firstly the new mobile nursing system sent the blood transfusion 
completion reminder according to the recorded blood transfusion rate and the 
amount of blood. The reminder for blood transfusion completed or changing a 
new blood bag according to the medical order was displayed in the screen of the 
PDA at the calculated completed time. Another reminder was the reminder for 
blood transfusion inspection and record at the setting time. Nurses would go to 
inspect the status of blood transfusion and record the related information 




the Hospital Information System, the Electric Medical Record system, the blood 
transfusion management system and the mobile nursing system. In this manner, 
the execution of the whole closed loop process for clinical blood transfusion with 
the new mobile nursing system ensured the process to be traceable to improve the 
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Another main function of information management of medical order execution 
was that the information of medical orders would be transferred to intelligent 
equipment automatically, and the information could be prompted. Nurses could 
query, check and record data in any area covered by wireless network. Therefore, 
the mobile nursing integrated workstation system extended the function of the 
existing fixed nurse workstation to the bedside of patients. It tracked the whole 
life cycle of the medical orders and the actual detailed execution process of the 
medical orders. 
It made the execution of doctor's medical orders according to the requirements of 
clinical nursing norms, took the frequency and types of medical orders as the 
horizontal axis, the execution of medical orders and the execution time of medical 
orders as the vertical axis, reminded the nurses at the set time, and carried out the 
corresponding items of medical orders for the reminded patients.  
c) Nursing activity records 
The nursing management scheme was already normative and strict in Jiangsu 
Province Hospital. There were many kinds of nursing activity records need to be 
filled by nurses for storage and utilization. Nursing records included newborn 
nursing record sheet, prenatal nursing record sheet, vaginal delivery nursing 
record sheet, nursing record sheet after cesarean section, nursing record sheet of 
obstetric discharge, nursing record sheet of critical patients, nursing record sheet 




Taking the vital signs nursing record sheet as an example, the main function of 
nursing record was to complete the collection of patients' physical signs 
information at any time anywhere. Nurses checked the patient's basic information 
and basic treatment information by clicking on the patient's bed number. By 
clicking the bed number drop-down list, it was easy to switch the information 
among patients who needed to be collected vital signs. The patient list in nurses’ 
PDA only included the patients enrolled in the clinical department which the nurse 
worked in. It displayed physical signs collected at any time on the same day 
according to the orders instruction. In this process, both the value of various vital 
signs and the exact time and the nurse executing vital signs collection were all 
recorded into the system. For the collection of vital signs and other recording 
process, a drop-down box for selection was provided in order to simplify the 
operation. After the data entry was completed and saved, nurses choose to print or 
view a thermograph or a vital signs checklist. The points on the list of temperature 
and other vital signs were automatically drawn according to the information 
collected.  
The basic information of patients, treatment information, admission information, 
the clinical department, the responsible doctor, the responsible nurse, ward, bed 
number and other information on the nursing record sheet are automatically 
generated without duplicate entry. In filling in nursing records, some commonly 
used nursing measures can be completed in advance at the time of system 




evaluation records. It is not necessary to repeat manual input procedure, thus 
reducing the workload of data entry for nurses indeed. There were also functions 
for viewing historical assessment records and printing nursing assessment records 
for evaluation and analysis. 
The mobile nursing system made nurses input patients' information in time, which 
avoided the incorrect medical records and information omission caused by making 
up the medical records after rescue. With the achievement of timely data 
synchronization among different information systems and eliminating the space 
restrictions with the PDA and wireless network, the work efficiency was 
improved. 
Before the mobile nursing system execution, nurses need to print a lot of 
documentation for check or record related information. But the new mobile 
nursing system made things changed. The extraction of medical orders, checking, 
execution and transfusion paste can be paperless operation since almost all the job 
can be done through the PDA. 
There were also many documentation jobs for nurses in nursing medical record 
modules. Record filling is the most important part of relieving the workload of 
nursing staff. For example, in the original process, the nurses need to take a piece 
of paper to record the patient's body temperature or blood pressure at bedside. 
When all the patients have finished their temperature measurement or blood 




body temperature and blood pressure value of every patient. When nurses were 
busy, it may be several hours for nurses to record all the patient's body 
temperature and blood pressure. With a PDA or a mobile device, nursing staff can 
fill in the form immediately after measuring a patient's temperature or blood 
pressure.  
In general, using the mobile device to scan the patient's identification code to 
identify and confirm the patient, it not only saves manpower, material resources 
and time, but also reduces medical errors caused by human factors. The mobile 
nursing system optimizes the steps of medical order processing, simplifies the 
process of medical record writing, and improves the efficiency of clinical service. 
As a result, the nurses must pay more attention to the physical and mental health 
of patients instead of heavy documentation work. 
4.2.2.4  Selection of Terminal Device 
PDA is short for Personal Digital Assistant (PDA), which is one of the mobile 
information terminal devices. This handheld terminal can be connected to the 
server by wireless network technology in the hospital, thus realizing the 
transmission of information without the space limitation. By using information 
technology such as bar code, information could be collected and processed in a 
timely and efficient way, so as to manage related information resources in hospital. 
PDA is portable, mobile and easy to operate, and has high application value for 




With the support of PDA hardware, bedside nursing and patient data acquisition 
can be achieved by wireless communication technology or local area network 
cooperating with relevant mobile nursing software. Nurses need to record or sign 
some work contents when they perform various nursing work. Paper records are 
not only consuming more time in the process of recording, but also are easy to be 
lost or destroyed. When patients have questions about nursing service, the nurses 
could not provide effective credentials. PDA provides solution for this kind of 
problems. The application of PDA can record in detail the operation of various 
nursing work, such as the specific situation of patients' infusion, the type, dripping 
speed, infusion time and residual amount of the medicine just at bedside. It could 
not only save a lot of time, but also improves the safety of nursing work. At the 
same time, it can also maximize the efficiency of nursing work to ensure that the 
patient data can be timely and accurately recorded, so as to promote the follow-up 
nursing work quality. 
C/S (Client/Server) architecture was selected for PDA applications. This mode 
assigns tasks to client and server side reasonably, which could reduce the 
communication cost of the system. The user's application in PDA is mainly 
responsible for completing the specific nursing business. PDA client implements 
the functions of terminal user operation and experience, business data display and 
editing, and automatic upgrade of the application system. The server side mainly 




The tablet should have been built in one dimensional / two-dimensional scanning 
module, WIFI communication module and 4G-communication module. 
Considering the work environment, the industrial level equipment should prevent 
falling and dustproof, can work normally at high / low temperature and can be 
cleaned and desterilized. The chosen PDA has 5.88-inch color touch screen, 16G 
ROM memory, 1G RAM memory and 1.5GHz CPU processing speed. It has 
redundant connectivity with Wi-Fi and Bluetooth® 4.0 connected. It is open and 
flexible for software development using Android™ 5.1 operating system with 
SDK and emulator support. It has robust design with water, dust and 1m drop 
resistant. It has 1D/2D barcodes and HF RFID modules built in for identification. 
In order to make the PDA to be used more reliable, the following problems about 
the PDA need to be noted in the implementation of mobile nursing system. 
a) The function of PDA should be set up by adding a password to prevent the 
nurses from setting up their own barriers. 
b) Set up the Wi-Fi connection item, only bind the internal network SSID that 
needs to connect, cancel other connections. 
c) In Wi-Fi advanced settings, the option "Keep Wi-Fi Connection in Sleep" 
checks "Always" to save nurses' bedside operation time. 
d) PDA is equipped with 6 sockets for charging to facilitate management. 





f) Equipped with long lanyard can effectively prevent the problem of screen 
breaking. 
4.2.2.5 System Design Evaluation 
In the user-centered method approach, users should be kept in mind though all the 
processes. The evaluation of the system design and the refine based on users 
feedback was very important to the successful design and so as to the successful 
system implementation (Abras, Maloney-Krichmar & Preece 2004).  
The evaluation of the system design was conducted after the system design and 
lasted for two weeks. As mentioned before, the director of nursing management 
department had assigned several head nurses who were responsible for various 
clinical service processes and they were also responsible for the design evaluation 
of the various processes. They were very familiar with their routine nursing job 
and the regulation for quantity nursing care and at the same time they were 
already familiar with the system design solutions since they had participated in the 
project from the very beginning. Therefore, the system design evaluation 
conducted smoothly. 
For the reason that the user requirements had been collected and analyzed very 
carefully and every step had responsible nurses involved, the feedback of the 
evaluation was mostly positive and only a few points for improvement was given 
to the project design team. The responsible head nurses mentioned that the 




some suggestion for quantity control. Then the project design team refined the 
design according to the feedback and then the system was ready to be constructed 
and implemented. 
4.2.3 System Construction 
After all the system structure, the system flow and functions were clearly defined, 
the system had turned to construction phase. The project conducted the software 
construction, the data interface construction and the wireless network construction 
to ensure the system implantation as presented in the following subsections in 
detail. 
4.2.3.1 The Construction of Software 
This project adopted the iterative integrated development approach. The first step 
is to complete the minimum integration development of operational integrated 
prototype in a timely manner based on the analysis and design results for the core 
requirements. The completed integrated prototype was treated as the requirements 
communication interface for the development team and the users. The 
development team and users had clarified modified and expanded the 
requirements through prototype integration operations and feedback to complete 
the integrated architecture backbone and core functions of the system. Finally, the 
work prototype was revised, and the subsequent integration development was 




The advanced object-oriented technology, middleware technology and database 
connection technology were used to develop the software system and test the 
system in detail to ensure the correct and stable operation of the system after 
development. The development of software was a time-consuming process 
whereas the user's needs were often urgent. The urgency to meet the needs and the 
lag of software modification were inherent contradictions in the construction of 
such application software. How to alleviate the contradiction and make the users 
and software providers understanding each other is the key link in the 
development of such a mobile nursing system. The project team determined the 
priority of various needs, concentrated on solving key issues ahead of time 
through various coordination and communications.  
4.2.3.2 The Construction of Data Interface with Other Systems 
The mobile nursing information system integrates data based on open data 
integration platform, synchronizes Hospital Information System (HIS) and 
Electronic Medical Record system (EMR), laboratory information system (LIS) 
and other system, and writes the real-time clinical data back to the relevant 
systems. It provided a standard data query interface for clinical data such as 
medical orders and basic patient’s information. Therefore, the construction of data 
interface with other system is very important to the implementation of this mobile 
nursing information system. The system data integration scheme should be 




a) Standard: The system data exchange should follow the relevant standards 
such as HL7, IHE, and can be accessed to the whole hospital system through 
the data integration platform to realize the data exchange and sharing of the 
whole hospital. 
b) Openness: The system fully considered the integration and interaction of the 
system data, and provides an open system interface, including medical order 
planning, physical signs, nursing records and other query interfaces. 
c) Scalability: The system fully considered the future business development 
needs, and fully considered the interface with a variety of third-party systems 
and equipment such as stationary dispensing center, drug dispenser, 
electrocardiograph, blood pressure meter, etc. Concise and low coupling 
interface design can be easily integrated with third-party systems, equipment 
docking, and functional expansion. 
d) Flexibility: The system provides flexible configurations for data 
synchronization strategy, medical order execution plan generation strategy 
and can adapt to various special conditions and needs of the hospital. 
The system adopts B/S Web Service mode, and the interaction between the system 
and the database needs to be carried out through Web Service. The process of data 





Figure 4.14 The Process of Data Transfer for the Mobile Nursing System 
Firstly, the basic business logic of the system was encapsulated, and then the 
external consistent interface was set up. Then the Web service was referenced 
from the program, and the encapsulated methods in the Web service were invoked 
to get the data, or the data is processed in detail.  
The part A is database of the system to realize the storage of all the data. Web 
Service interacts with the database, providing access to the core database and an 
interface to external system calls. This layer is divided into two modules: Web 
Service calls and database operations. Web Service module which provides a 
common interface for accessing database and business logic layer, can transfer 
data and information or invoke methods by calling such interfaces. Database 
operation module provides access to the database for operations of data. It 
includes basic data operations such as adding, updating, creating and deleting. 
Part B is the Web Service data encapsulation layer which is used for data business 
processing, calling database links and executing SQL statements. This layer 
implements the important business logic in the system, which encapsulates the 




and so on. Business logic layer receives the parameters passed by user layer to 
call data and interface access layer for physical data transmission and storage and 
it is the core part of the data interface. It is used to encapsulate various types of 
data and logic through the definition of various types of system objects attributes, 
events and methods. The implementation of business logic layer needs 
object-oriented analysis and design to make it more efficient and reasonable in 
future program development. Web Service access classes include connecting to 
Web Service, remotely invoking Web Service services, and passing parameters to 
Web Service methods. By calling remote Web Service and creating Web Service 
proxy, the system encapsulates reasonably the related methods provided by remote 
Web Service and realizes the separation between remote program and proxy class. 
The caller only needs to pay attention to the parameters provided by the remote 
invocation method, do not need to know the internal processing of the remote 
program, and does not need to know the transmission of data between networks. It 
is because that the transmission of data is automatically completed within the 
program and the caller can easily get the desired results. The remote Web Service, 
by adding the Web Methods attribute in front of the method to be used, indicates 
that this method provides the Web Service to the user. If this property is not added 
prior to the method implementation, the remote caller will not be able to make the 
call, which also improves controllability and security. 
Part C is the data display layer which is the user operation layer. In this part the 




interface layer is the operation interface of the business operator, which can 
display the information needed for operation intuitively and provide the graphic 
control of the interface needed by the operator.  
The overall interface of the system is simple and clear. The interface layer is 
added outside the mobile nursing system to exchange data and information with 
other third-party information systems to achieve the integration of all the related 
information. The interface layer is the external processing layer of the mobile 
nursing system, and it is also the extension of the main functions of the mobile 
nursing system. Therefore, it constitutes a channel for data and information 
exchange with the external system, making the mobile nursing an open system. 
After defining and agreeing the parameters and forms of the interface in advance, 
how to change the internal of the mobile nursing system and the internal of the 
third party information systems will not have any impact on the published 
interface.  
According to the final flow of the data, the minimum set of functions which 
interact with the data in the interface can be divided into two categories: data 
provider class and data write back class. Data provider class is to provide data and 
information to external application systems, which means providing data from 
mobile nursing system to the external application systems. Data write back class 
is a data write back function that provides data from external application systems 




constitutes the interface of application calling and publishing of mobile nursing 
system, which can be called by other systems in the way of Web Services and 
realizes the information exchange and integration between these information 
systems. 
In addition, the system also provides the function of access and authority control 
authentication, which can restrict the user's operation authority when using the 
authentication and realize the security of system access. This is vital for 
information system especially this kind of mobile system. 
4.2.3.3 The Construction of Wireless Network 
The wireless signal was a non-functional requirement which is more likely to be 
ignored in the process of system construction. Wireless network is the operation 
basis for this kind of mobile systems. Reliable and stable wireless network is the 
necessary guarantee for the system to be on-line. This part of work should be 
included in the pre-project needs analysis. Actually, in order to implement the 
mobile nursing system, the construction of wireless network is indispensable and 
important. The mobile nursing information cannot be implemented without the 
wireless network within the hospital. It makes the medical information system 
break through the shackles of the solidification of wired network information 
points and break through the space limitations. This process requires sufficient 




A complete mobile system is composed of application servers carrying and 
dealing with the data carrier and network carrying the data transmission task. The 
application server of the mobile nursing information system deployed in the data 
center is connected with the hospital Local Area Network (LAN). Through the 
Wireless Local Area Network (WLAN) managed by the core switches and 
wireless controllers in the LAN, the application front-end (mobile terminal) can 
realize data interaction in the area of clinical wards. It should be investigated and 
analyzed in the early stage of investigation, which is sometimes easy to be 
ignored. 
During the design of the network platform, a great deal of work was done on Web 
site testing and comparison to select sites with stable signals and faster 
transmission speed and ensure that the final selection of websites can achieve full 
coverage of network signals so as to avoid high cost of later maintenance. On the 
basis of understanding the structure of the hospital wards, appropriate wireless 
access points were built in the ward together the wireless controllers. 
As the quality of network had direct influence towards the utilization effect of the 
mobile nursing system, in order to ensure that the mobile system could meet the 
basic requirements of reliability, security and convenience, more attention should 
be paid to the following three issues of Wireless Local Area Network (WLAN) 
construction. 




In the utilization of a mobile system, blind spot problem for signal coverage 
would lead to poor user experience which was unexpected in this project. In 
addition to the inherent signal transmission power of wireless devices, the signal 
attenuation caused by other factors cannot be ignored, the most typical factor is 
the building itself. According to the different building materials, how to overcome 
the blind area of signal coverage in WLAN deployment is a problem worthy of 
careful deliberation. 
b) Interference issue of wireless signals 
For centralized Wireless Local Area Network (WLAN), if multiple Access Points 
(AP) are deployed in a certain space, the signals will overlap with each other. In 
this circumstance, there would be signal interference between them. Therefore the 
mobile devices would be affected by the wireless signal in the actual environment. 
c) Seamless wireless roaming when users move around 
When the nurses use the mobile devices when moving, there may have multiple 
wireless network signal sources in the service area. The problem that whether the 
terminal equipment could connect or switch to the high-quality signal sources 
quickly in the fast moving process affected the user experience for the mobile 
nursing system. 
In the actual working area, environmental factors were the key constraints of 
wireless signal coverage and interference. In order to correctly deal with the 




wireless signal information was collected in the working area, with the purpose of 
finding out the blind spots covered and finding out the interference sources. This 
was a crucial step in the work of wireless signal problem analysis. Generally, the 
signal strength was measured by Wi-Fi analysis software and the interference 
source was eliminated. In this case, the basic situation of the hospital was 
analyzed as following. 
There was a wireless signal coverage blind area or insufficient signal intensity. 
The signal intensity obtained from the Wi-Fi analyzer for individual service areas 
was in the range of - 65dBm to - 90dBm. There was a phenomenon of 
unreasonable channel planning. It was easy to cause the same frequency 
interference if two adjacent Access Points (AP) operate on the same channel. 
Therefore, it was necessary to rectify the wireless network environment under this 
condition because the efficient operation of the mobile information system 
required the stability of wireless network.  
With the development of the hospital, more and more applications of various 
information technologies were adopted in different clinical field. This expansion 
would make the traditional wire network could not meet the network requirements 
of those applications gradually. From this point of view, the network needs to have 
enough space for expansion which should be considered carefully at the beginning 
of constructing the wireless network. As a supplement to the hospital’s wired 
Local Area Network (LAN), wireless network gives full play to its advantages, 




wired network to "area" of wireless network. Because of the particularity of the 
hospital, the real-time nature of clinical work and the importance of various 
medical data, cautious should be taken in the process of building a wireless 
network. Furth more, the wireless network should ensure the security, scalability 
and practicability. 
Firstly, according to the actual situation of the wards’ environment, the coverage 
of the wireless signal was evaluated with the professional tools, and the 
application scenario of the mobile nursing information system was defined. 
Wireless devices and deployment schemes were determined by combining 
wireless testing, application software testing and hardware terminal testing. 
Secondly, combining with the actual environment of the ward, the intelligent 
wireless network deployment mode is adopted. The wireless controller, namely 
Access Controller (AC) was deployed in the data room through the wired network 
and connected to the core switch to realize the unified control and management of 
wireless Access Point (AP). Power Over Ethernet (POE) switches were installed 
in the network well of the ward, and the wireless Access Point (AP) was 
connected to the power supply network through the wired network.  
Finally, the Internet Protocol (IP) and Virtual Local Area Network (VLAN) used 
by the wireless network were configured and partitioned independently through 
the core switch, which was convenient for unified management and unified access, 
so as to improve the security mechanism of the wireless network. 




mobile nursing system. The amount of data stored in hospital information systems 
is very huge and the information needed to be proceeded in a timely manner. 
Nurses always moved quickly because of the characteristic of their job. Therefore, 
compared with the ordinary wireless local area network, the hospital wireless 
local area network should not only consider the network coverage and simple 
access function, but also should consider no roaming and interference. Factors 
such as transmission rate, no signal interference and comprehensive security 
access should be guaranteed. The overall topology of wireless network is shown 
as the following Figure 4.15. 
 




The mobility of access terminals was the most important feature of wireless 
network, which was also a particular concern of medical institutions. It allowed 
users to install access devices without destroying the appearance of the wall and 
deploy them flexibly and quickly. Wireless access point could be divided into fat 
AP and thin AP. Thin AP has gradually become the mainstream of deployment 
because that the thin AP mode configuration is simple and easy to manage. 
The thin AP mode is to configure and manage all the AP in the network through 
the wireless controller, and to configure the AP with a single configuration. All the 
AP configuration information is stored on the AC. If a separate distributed AP 
needs to be configured and deployed, it only needs to operate the AC controller in 
the central computer room, thus eliminating the trouble of configuration to the AP 
deployment point. 
The deployment of thin AP enables mobile terminals to move virtually within the 
wireless network which means that it can moving between two fixed AP points as 
a single terminal device. When the smart terminal device is within the coverage of 
one of the AP networks, the terminal can access the wireless network as long as it 
has the correct authentication mode. Because the configuration information of the 
AP is already saved on the wireless controller which means that the authentication 
access information of the mobile terminal device is also saved on the wireless 
controller. Therefore, the wireless controller could control which wireless terminal 




From the passive roaming of the original terminal device to the current active 
roaming mode controlled by the wireless controller, when the smart terminal 
switches between different APs, it does not need to be authenticated again. As a 
result, it can be smoothly connected to the network. The active seamless roaming 
mode of the mobile terminal device was realized. 
Therefore, as long as there is wireless network signal coverage, when the 
intelligent terminal device moves in this area, all data transmission is continuous, 
and there will be no disconnection or jamming. This kind of point can fully meet 
the needs of the medical institution's mobile clinical nursing business, so that the 
hospital's clinical nursing business can truly realize the humanized "moving up". 
4.2.4 Implementation of the Mobile Nursing Information System 
After the completion of system construction, the next step is system 
implementation. Although the system had been tested after development, the 
system still need to be launched in a pilot clinical ward before utilized in the 
whole hospital since the real situation in the hospital was very sophisticated than 
what could be imaging.  
Considering that the new mobile nursing system would change the old workflow 
obviously, it is afraid to be dangerous if choosing a clinical ward with heavy 
workload as the pilot ward. Some wards with small workload would be 




patience to test the various functions of the new system and sufficient time could 
be given for system refinement if some problems occurred. The geriatric 
cardiology clinical ward was chosen to be the pilot ward since there were not too 
many patients in this ward, the patient in this ward did not have very serious 
conditions and the head nurse in this ward was very willing to accept innovative 
technology.  
The system pilot plan was designed according to the real situation of the pilot 
ward. For the reason that the medical order execution process was done manually 
before the pilot, the nurses were asked to do double-track operations in their daily 
job. For every time and every step in the medical order execution process, the 
nurses should do the original parts in addition with operation in the new mobile 
nursing system through the PDA. The blood transfusion process is presented as an 
example for the double-track operations as shown in the following Figure 4.16. 
The processes at right side are the original blood transfusion procedure with 
manual mode whereas the left side shows the procedure executed in the mobile 
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Figure 4.16 Double-track Operations for Blood Transfusion 
After one month of the system pilot in the geriatric cardiology clinical ward and 
correcting some problems detected, the second round of pilot was conducted in a 
medical ward and a surgical ward. The selected wards for the second-round pilot 
were the respiratory ward and orthopedic ward for the purpose of find more 
representative problems and defects. The second-round pilot had also conducted 
for one month and many problems had been found and solved. After the system 
pilot, the training for the users was also critical to the following promotion to the 
whole hospital. Totally 5 training documents were provided, 34 training sessions 
for nursing staff were held. The total number of participants was 800, covering all 
the clinical wards. Finally the new mobile nursing information had been promoted 





This part is the description and findings of the interviews. The data was achieved 
from interviews conducted six months after the system implementation. The 
findings were analyzed with thematic methods through the lens of Activity 
Theory.  
For this study, semi-structured interviews were conducted in Jiangsu Province 
Hospital which was chosen as the site of the case study. One of the objectives of 
this study was to conduct interviews to unearth further information from the issues 
that emerged in the questionnaire survey. This was based on the feedback 
information from nurses when utilizing mobile nursing system to achieve 
closed-loop medication administration. In previous study we learned that the 
degree of information demand was high while degree of information satisfaction 
was low during the interactions between physicians and nurses and they both 
expected high on the adoption of new information technologies (Wen et al. 2017).  
4.3.1 Data Collection  
In this study, the interviews need to explore and compare the situation before and 
after the implementation of the mobile nursing system. Furthermore there should 
be enough time for the nurses to be familiar with the system and for the benefits 
and problems to be visible; the interviews was conducted six months after the 




The interview outline was formulated based on the research question of this study, 
detailed questions of studies on the communication of information among nurses 
based on further readings, and the experiences of researchers in terms of clinical 
physician-nurse communication (see Appendix 2). As shown in Table 4.2 below, 
the interviews included three aspects comprising the benefits of mobile nursing 
system, the current situations and problems of the systems, and suggestions on the 
improvement of mobile care through the usage of information technology. 
Benefits What are the benefits of using a mobile nursing system? 
Who can benefit from mobile nursing system? 
Why and how they can benefit? 
Problems What are your dissatisfactions in the usage of this information 
system? 
Where is the system design and implementation needed to be 
improved? 
Improvement What additional needs do you have with regards to the existing 
information systems? 
Table 4.2 Outline of Semi-structured Interviews 
Totally 15 participants were interviewed in this study. Among them, 12 were ward 
nurses, one was director of nursing department and two were engineers. The nurse 
interviewees were comprised of nurses from different clinical departments 
including surgical and internal medical nurses. The nurses aged between 20–50 




conducted and recorded upon obtaining the approval of the interviewees, and the 
interview recordings do not reveal sensitive personally identifiable information 
such as the names and contact methods of the interviewees. 
The basic information of different interviewees is shown in the following Table 
4.3. It is important to notice that all the interview data were managed through an 
anonymous mode. The interviewee category, the department they worked in as 
well as their job title were presented. There were three categories in the interviews 
which were clinical nurse, management nurse and engineer. All the interviews 
were anonymous and coded according the interviewee categories with the purpose 
of presenting the results in the thesis. It can be seen that each code consists of four 
digits components which are two parts of the code. The first two digit of the code 
showed the category of the interviewee - an “CN” stands for clinical nurses who 
worked in clinical ward, an “MN” stands for management nurses who worked in 
management position and an “EN” refers to engineer who worked in the IT 
department of the hospital. The second part of the code which is the last two digits 




Department Job title 
1 CN01 Clinical Nurse Respiratory ward Senior nurse 
2 CN02 Clinical Nurse Respiratory ward General nurse 
3 CN03 Clinical Nurse Cardiology ward Head nurse 












7 CN07 Clinical Nurse Orthopedic ward Supervisor nurse 
8 CN08 Clinical Nurse Orthopedic ward Senior nurse 
9 CN09 Clinical Nurse Gynecology ward General Nurse 
10 CN10 Clinical Nurse Gynecology ward Supervisor nurse 
11 CN11 Clinical Nurse Thoracic ward General nurse 
12 CN12 Clinical Nurse Thoracic ward General nurse 




14 EN01 Engineer IT department Project manager 
15 EN02 Engineer IT department Engineer 
Table 4.3 List of the Interviewees in Jiangsu Province Hospital 
4.3.2 Data Analysis 
Upon completion of the interviews, the interviews were transcribed from audio 
into text, and the interview contents were analyzed using thematic analysis 
approach. The interviews were conducted in a Chinese hospital and the 
interviewees all spoke Mandarin, and someone have accent. It should be 
mentioned that because the interviews were conducted in China, translations were 
required for data analysis. The transcribed texts were presented in Mandarin at 
first since the researcher is a Chinese native speaker. The researcher read the 
transcribed texts and sometimes referred back to the audio records and the notes 




Then the key interview contents were extracted and coded in English. The data 
were coded and analyzed using thematic analysis method through the lens of 
Activity Theory. According to Braun and Clarke (2006), the thematic analysis 
process include six phases of analysis as illustrated in Table 4.4. Since the analysis 
used the lens of Activity Theory, the concept is added to the related phases.  
Phase Description 
Phase 1 Familiarize with the collected data 
Phase 2 Generate initial codes (using Activity Theory concepts) 
Phase 3 Iterative coding and search for themes (through the lens of 
Activity Theory) 
Phase 4 Review themes 
Phase 5 Define and name the themes 
Phase 6 Produce the report 
Table 4.4 Phases for Thematic Analysis 
The Activity-Oriented Design Method (AODM) was utilized in the data analysis 
phase for the purpose of analyzing the data through the lens of Activity Theory. In 
the initial coding process, the coding nodes were pre-determined based on the key 
concepts of Activity Theory, including subject, object, tool, rule, community and 
division of labour. In this study, the key concepts of Activity Theory to the 
conceptualization of this mobile nursing system project in the case hospital are 




Key concepts Description 
Activity Medication administration 
Subject Nurse 
Object Closed-loop medication administration (Quality Nursing Care) 
Tools 
The mobile nursing information system (MNIS) 
(including the software, the tablets and the wireless network)  
Community 
Patients, doctors, pharmacists and other healthcare 
professionals in the hospital 
Rules 
Regulations of nursing care quality and workflows; other 
hospital and healthcare regulations. 
Division of 
labour 
Distribution of work and responsibilities among nurses and 
other healthcare professionals. 
Doctors are responsible for prescribing medication orders; 
Pharmacists are responsible for checking and dispensing 
medicine according to the orders. 
Nurses are responsible for verifying and executing 
medication orders to the patients. 
Outcome  High quality and safe nursing care 
Table 4.5 Key Concepts of Activity Theory in the Mobile Nursing Project 
In the following coding cycles, new coding nodes were achieved for coding 
related expanded triangles relationships between tool and other components 
according to the Activity-Oriented Design Method as shown in Table 4.6 (Sadeghi 
et al. 2014). Microsoft Excel Software was used as tools for data coding, code 
management and theme review. The data coding and theme recognition was done 





4.3.3 Findings from Interviews 
This section presents the findings from the interviews conducted in the hospital. 
The following findings (as shown in Table 4.6) were emerged and derived with 
the methods of thematic analysis and Activity-Oriented Design Method (AODM), 
as described in the above section. Activity Theory describes the human activity as 
mediated by tools within the social and cultural situations (Kaptelinin & Nardi 
2006). In this study, the medication administration activity is mediated by the 
mobile nursing system in the selected case hospital. Since the main research 
question is “How can mobile nursing system be used to achieve closed-loop 
medication administration to deliver high quality and safe nursing care”, the 
analysis is presented in the context of ternary relationships, the positive and 
negative impacts of tools (MNIS) and other components. This model was adapted 
from Sadeghi et al. (2014)and a summary of findings is provided in Table 4.6. The 
detailed description is presented in the subsections below. All the identified 
themes and sub-themes were stated, and direct quotes from the interviews 
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4.3.3.1 Subject, Tool and Object 
The relationship of subject, tool and object is the core ternary relationship in the 
concepts of activity theory and is concerned to how does MNIS affect nurses in 
Closed-loop medication administration. The positive impacts of MINS manifested 
in different aspects: accurate and automatic recording, closed-loop process and 
user-friendly software system. The negative aspects were identified as that the 
portable device and the wireless network were not very stable. 
 Accurate and automatic recording  
Documentation is an important part of the daily nursing job and is the key 
component of achieving the object which is Closed-loop medication 
administration. Notably, many interviewees were satisfied with the accuracy and 
efficient of recording their daily job including the whole process of medication 
administration. Before using the new system, the patient's physical status, nursing 
records were recorded manually. They needed to record all the information with 
pen and paper in the bedside and input to the system when they went back to the 
nursing station office. Now things changed, they can record everything 
everywhere with the PDA to the mobile nursing system. Furthermore, some 
documentation job could be done in automatic way which was appreciated by 
many nurses. This has improved both the speed and the accuracy. For example, 
nurses used to type the real time and their own identification number into the 
system for order execution recording. This procedure was time consuming and 
was easy to bring errors. However in the new mobile nursing system, when nurses 
perform the clinical treatment according to the medical order at bedside, they can 




both save time and make the nurse’s identification number automatically.       
“We need to record a lot of things as the requirements are more and more strict. I 
used to spend a lot of time on recording. It seems to be unfinished record job. The 
situation is better now. Something can be record automatically. The different 
systems can share the same information. We can record when doing nursing job in 
PDA, which can save time for me.” [CN02] 
“The nurses could only input all the information through typing every number and 
every word using the computer in the office into the hospital information system. 
After we used this system, we can do recording job and nursing job simultaneously. 
The recording was really easy and the system can generate much information 
automatically.” [CN11] 
 Closed-loop process   
The closed-loop medication management was achieved, and it made the whole 
process to be traceable. As all the key points for medical order execution process 
were recorded, the loop of medication management was closed. As mentioned 
before, the closed-loop medication management is one of the level 6 functions for 
the standards for the evaluation of the Application Level of Electronic Medical 
Record System Functions. The patient safety was improved as a result of 
closed-loop medication management. Several interviewees mentioned the benefits 
of closed-loop medication management. 
“The concept of closed-loop medication was very hot in the recent years. It does 
have many benefits for patient safety. Now we also achieve the closed-loop 




check the whole loop to find the fault and fix it. On the other hand, the nurses 
treat the daily job more serious because they know that every step would be 
recorded. From this point of view, the possibility of medical errors was decreased.” 
[CN03] 
“I assigned some head nurse for the design of the new workflow. The clinical 
treatment procedure is very complicated and even the procedure for different kind 
of medical order is not the same. If we didn’t design every kind of procedure very 
carefully, we cannot realize the closed-loop.” [MN01] 
 User-friendly software system  
Many interviewees considered the software system to be user-friendly which was 
vital for the nurses to be willing to use the system. From the design stage, the 
project team took user-centered method to design the system as they know that 
usability was even more important since the system was running within a small 
screen within a portable device.  
“The design was really challenging in this project. The daily job of nurses was 
already very busy so they were unwilling to use a sophisticated system. We always 
remember the principle of usability from the design stage at the beginning. 
Furthermore, even after the implementation, the project still collects the problems 
and keep refine the system.” [EN01] 
“The system is easy to use. The navigation is simple and clear. We can finish the 
process of medical orders execution according to the instruction easily. Now I 




 Unstable portable device  
To ensure the selected PDA to be stable is also very important for nurses to 
conduct the medical service with the new system. On another note, the 
interviewees mentioned that they have encountered occasional hardware crashes 
that significantly affected their work efficiency and regular operations; these 
problems can even lead to the lost of information.  
“The PDA is easy to use but sometimes it operated like system breakdown. I 
called the engineer, they always told me to restart the PDA. Sometimes it works, 
but sometimes it doesn’t work. I ought to send it to the IT department. Although it 
doesn’t happen a lot of time but if it happened, it will affect our work. We don’t 
have many PDAs, if one of them is crashed, one nurse will have no PDA to use. 
We are now used to the PDA. We even don’t know how to work without it.” 
[CN07] 
“When the system started to be used, some nurses complained that sometimes the 
PDA would stop to work suddenly. I felt under great pressure because it is hard to 
be solved. We tried a lot of times and found that that the problems were related 
with the operation system running in the PDA, and then we upgraded the 
operation system to the new version and solved the issue.” [EN01] 
 Unstable wireless network  
As the nurses needed to use the PDA almost in every corner of the wards, the 
smooth use of the mobile nursing system required good coverage of wireless 
network whereas there still had some points with weak wireless network.  




be used. Once upon a time, I waited for almost five minutes and still didn’t get the 
information.” [CN08] 
“It is very bad if the wireless signal is weak. Patients would be impatient if the 
information can’t be loaded to the PDA quickly. I have said to the engineers of our 
IT department. They assigned engineers to check the problem several times but 
the problem is still exists.” [CN10] 
“It is very strange and difficult to be solved. The engineers responsible for the 
wireless network checked several times and said that the wireless network is OK it 
should be the problem of PDA. The engineer responsible for the PDA also 
checked several times and said that the PDA is OK it should be the problem of the 
network. I used to think the wireless network construction was simple and just 
issue of budget. But through the real utilization, I realized that the wireless 
network construction is difficult than it seems to be. It should be investigated and 
designed fully and carefully beforehand. You know, the rectification after being 
used is very difficult.” [EN01] 
4.3.3.2 Subject, Tool and Division of Labour 
The relationship of Subject, Tool and Division of Labour revealed how does 
MNIS affect nurses in undertaking their work and responsibilities. The MNIS was 
demonstrated to have positive impact on undertaking work and responsibilities for 
nurses through simple and safe identification and convenient information 
acquisition. On the other hand, some interviewees talked about the increased time 
for their daily job since there were too many checks and reminds. 




A remarkable benefit from the interviews was simple and safe identification of 
patients and medicine with the new mobile nursing system. The check process is a 
very important part of the routine job of nurses. It occupied a lot of energy and 
time for nurses before they adopted the new system. The check procedures for 
order execution were improved. In the old workflow, nurses needed to ask the 
basic information of patients such as name, age several times for patient 
identification. For identification of medicine, nurses only can check though 
careful watching the appearance and identification of the medicine. It was 
replaced by simple and efficient manner with the new system. The nurses only 
needed to scan the wristband of patients and the barcode of the medicines using 
the PDA and the PDA would tell them whether the process was right. The new 
check process made the interviewees fell efficient and reliable. Moreover, the 
medical orders could not be executed before the verification of patient 
identification and medicine identification which would reduce the possibility of 
medical errors. If the information is wrong, the system detected a mismatch, and 
then warning information will appear on the screen according to the reasons to 
remind nurses to avoid medical errors. This was echoed by almost all the 
interviewees: 
“The patient identification was really a tricky problem before we use this mobile 
system. We must ask them several questions every time before we do any clinical 
treatment. Sometimes, the patient was asleep, and he would be unpleasant if I 
woke him up for identification procedure. On the other hand, if I didn’t do that, it 
violated the regulations.” [CN04]  




patients under relatively serious conditions and the nurse all worked under high 
pressure and heavy workload. They really worried about making mistakes 
especially for those naive nurses who lacked experience.  
“There are always many patients in our ward. I’m only worked for almost one 
year and feel always under high pressure. I am really afraid of making mistakes 
especially sometimes I still need to work after night shift. Now I feel better with 
the help of the new system. For example, we can’t execute the medical order 
before the confirmation of both patients and medicine. Last Monday I found that I 
couldn’t find the place to record the order execution and I felt sweating because of 
anxious. After a while, I realized that I forgot to scan the barcode on the medicine.” 
[CN06]  
The verification of medical orders is a vital procedure and it had also become 
simple and rigorous now with the new system. In the old workflow, the nurses 
need to verify all the medical order information according to the handwriting or 
printed order which was very inefficient. Before using the mobile nursing system, 
nurses needed to carry a large number of printed medical records during the 
execution of medical orders. However, things changed significantly since they 
used the new mobile nursing system. To complete the execution of the medical 
orders, each operation of the medical order was checked by the system using the 
portable PDA anytime anywhere. Some interviewees described the situation 
before and after the new system: 
“Before the new mobile nursing system introduced, all the medical orders could 
only be examined using the computers in the nursing station. Although we will 




medicines or stop the orders before we gave the medicine to the patients. It is very 
dangerous and may lead to medical errors since sometimes the original medicine 
may has already been given to the patients without knowing the original medical 
orders had been changed. There was even no notice. The situation is better now 
since we can check the medical order anytime with the portable PDA.” [CN03] 
“We used to print a lot of documentation before the execution of medial orders. 
Just waste time and money. You know, you felt terrible if the printer doesn’t work. 
But we had to do that, without other choices. We used them to see the medical 
orders needed to be executed. Now the PDA is amazing. All the information, the 
basic information of the patients, the medicines prescribed by the doctor, the 
medical check he needs to take, everything!” [CN06] 
For surgical ward and operating room, the identification for surgical patients was 
also critical for patient safety and was also improved as stated by the interviewee 
from surgical ward: 
“This system is good to use indeed. For example, the handover information for 
surgical patient can be checked through PDA. The real situation, the medicine 
taken or being taking, the precautions are all very easy to be seen in the PDA. 
Almost all the patients in our orthopedic ward need to take a surgery, so this is 
very important. But before we use the new system, this was a very difficult thing, 
sometimes we need to make call to the nurses in the operating room.” [CN08] 
From the perspective of engineers, the problems of printers were decreased. There 
used to be many problems with the printers since nurses must print a lot of 




print so many documents.  
“Nurses in the clinical wards used to print a lot for checking or other issues. The 
printers were more likely to have problems and we need to go to fix it. Especially 
in rainy days, printers were easy to jam as the papers were damped. Now they 
don’t need to print so much documentation. All the information is displayed in the 
PDA for navigate.” [EN02] 
 Convenient information acquisition  
After the implementation of the new mobile nursing system, convenient 
information access was reported. From the interviews it emerged that the 
information access became convenient and quickly especially when the nurse was 
not in the nursing office such as the bedside of patients. In the past, the nurses can 
only get information such basic information of patients and medical orders though 
the computers in the nursing office. On the other hand, the nurses can access to 
the target information anytime anywhere using the new mobile nursing 
information system and the handheld PDA. They acquired the patient’s basic 
information, medical orders, the result of medical check reports and other relevant 
information at the bedside of the patient using the new mobile system. Most of the 
interviewees mentioned this point in the interviews.  
“We always need to check the basic information of patients and medical orders. If 
we don’t have the mobile system, we can only get the information in the computers 
located in the nursing station. We don’t have enough computers there, so 
sometimes we need to wait for other nurses checking first. Sometimes we went to 




annoying. But now it is more convenient because we can check the information 
using the PDA.”  [CN11] 
“The original systems including HIS and EMR could only be used in the 
computers in the office. If I forgot to take the printed paper with me, I should go 
back to the nursing station. For the new system, we can get the information on the 
screen of the PDA. It is really very convenient. I take it with me all the time when 
I’m in work.” [CN09] 
 Too many checks and reminds  
Actually there were some contradictions between the requirements of first-line 
nurses and nursing managers. For the first-line nurses, they wanted to execute 
medical orders in a simple and efficiency way. On the other hand, the nursing 
managers asked for district identification in order to improve nursing care quality 
and detailed documentation for data analysis. The situation should be improved 
through adopting decision support modules to make the process to be both strict 
and simple. 
“We redesigned our workflow with the new system, considering the checklist for 
many standard processes. This is really wonderful for the quality control and data 
analysis. You know it was very hard to check the working quality of the nurses in 
the past.”  [CN03] 
“I don’t think the PDA reduced my working load. Before we use the system, I can 
do my job in my efficient way. You know, we have to face many patients every day. 
Now the system has many limitations and added many steps for our daily job. I 




4.3.3.3 Tool, Rules and Object 
The related question for the relationship of Tool, Rules and Object is how well 
does MNIS-enabled closed-loop medication administration align with nursing 
care quality regulations, workflows, and hospital regulations. The positive impacts 
of MINS include traceable medication administration process and real-time 
quality control. The negative aspects were identified as that the lack of nursing 
medical record module. 
 Traceable medication administration process  
With the adoption of the mobile nursing system, the whole process of medication 
administration became traceable since all the execution information of medical 
orders was recorded timely. Therefore, if there were some issues not aligning with 
the nursing care quality regulations or hospital regulations, the whole process was 
traceable and the real problems were revealed. Consequently, improvement of 
workflow or regulations could be implemented towards the revealed issues.   
“Before we use the new mobile system, the process of order execution was very 
hard to be tracked and traced. For example when an error occurred, it was really 
very time-consuming for finding the wrong points and sometimes it was even 
impossible. Now all the detailed information – the nurse who executes the order, 
when did she execute the order is all recorded in the system and we can trace and 
detect the problem easily.” [CN03] 
 Real-time quality control  




For the reason that, the old workflow was mostly conducted in manual mode 
without detailed recording, the quality control could only be carried out 
afterwards. In the new nursing system, the head nurse and the director of nursing 
management could receive alarm remainder when some adverse events were 
detected and they generated related forms for further statistical analysis.  
“We designed a lot of reminder and check points in the new system. In fact, there 
were errors for wrong patients or wrong medicines even we emphasize the check 
all the time. For example, if the patient changed the bed. In the past, nurses just 
checked the printed bed number and if it was printed before he changed the bed, it 
was still the original one. So it would be wrong if the nurse did not checked very 
carefully and it really happened. But now the bed number is always the new and 
correct one.” [MN01] 
 “Sometimes the nurses are unwilling to report adverse events, that is very 
dangerous because the adverse events may cause medical errors. The new system 
can detect the abnormal information and send reminder to us and the director 
according to the system setting. This is critical for quality control and 
improvement of nursing service.” [CN03] 
 Lack of Nursing medical record module  
In addition to the modules for various kinds of medical order execution, the 
nursing medical record was also important parts for the nursing daily job and 
quality nursing care regulations. The paper based nursing medical record was 
inefficient and time-consuming. The nursing medical record modules of the new 




“I’m satisfied with the new system in general. The quality of medical order 
execution is improved. But the nursing medical record is also critical aspect for 
the quality of nursing care. I hope it will be online soon.” [MN01] 
4.3.3.4 Subject, Tool and Community 
For the relationship of Subject, Tool and Community, the question is how does 
MNIS affect nurses when working with patient and other healthcare professionals. 
The positive aspects are patient recognition improvement and service with quick 
response. The negative impact was time consuming if nurse has troubles with the 
system. 
 Patient recognition improvement  
Some interviewees stated that the patients liked the new system. First of all, the 
patients could get any information they wanted more timely and accurately. When 
they had some questions with the information such as the inspection results, their 
expenses or their new medication orders, they could get the answer from the 
nurses with their PDAs whereas the nurses only can answer them after they 
checked the computer when they went back to the office. On the other hand, 
patient wristbands are equipped with important information signs for patient 
identification and verification, by scanning the two-dimensional barcode, 
identification of patients was recognized and managed, which effectively improve 
the quality and efficiency of patient information management. As a result, patient 
compliance was improved by means of mobile nursing information system 
because of trust and professionalism. 




They thought it to be useless and always tried to take it off. Now they saw we need 
to scan the wristband every time for order execution and we told them it is done 
for the safety. So they are willing to wear the wristband now. They said scanning 
is simple for identification. For the old days, we need to ask the patient to verify 
his basic information many times per day and they would become impatient after 
we asked them more than three times in one single day.” [CN10] 
“Some patients noticed the new system and the PDA. When I scanned the 
wristband and the barcode on the medicine surface, they were curious what I am 
doing. I told them I did it for identification, identification for the patients, 
identification for the medicine and identification for the tubes, they were satisfied 
with the operation since they think it to be more reliable and trustable.” [CN01] 
 Service with quick response 
Most interviewees mentioned that they could provide service with quick response 
for patients. This was a very important factor from the patients’ point of view. 
Patients always not felt well and most of them suffer from pain of different level. 
In this circumstance, the timely response is significant for patients and might 
improve patient satisfaction obviously. 
“Many patients have questions when we do nursing job at bedside. Now we can 
answer most of their questions using the PDA. I always used to tell them I need to 
check on the computer when I went back to the office in the old days without the 
new system.” [CN02] 
“When the new system was not been used, sometimes I cannot answer the 




the characteristic for some medicines and I had no ideas if the medicine was not 
used frequently. But now I can check the basic information of the medicine in the 
PDA, this is really helpful both for me and for the patients.” [CN05] 
 Time consuming if nurse has troubles with the system 
The new system improved working efficiency obviously and the nurses were 
getting used to work with the system. The problem was that if there were some 
problem with the new mobile nursing system, the process for nursing patient was 
time consuming and affected medical treatment for patients. 
“The system is good to use most of the time. But sometimes there are troubles. 
Sometimes the network is very very slow and the display in the PDA almost stops. 
Sometimes it just doesn’t work, no one knows why. It is terrible if I’m dealing with 
the orders at bedside of patients. It is just wasted of time and the patients 
sometimes are even angry. ” [CN09] 
4.3.3.5 Community, Tool and Object 
The relationship of Community, Tool and Object is also an important ternary 
relationship for the NMIS. The focus is how well does MNIS affect Closed-loop 
medication administration among the patients and healthcare professionals. The 
positive impact is available data analysis and the negative aspect was lack of 
interface with some related systems. 
 Available data analysis  




nursing management. The system stored all relevant information in the database 
when nurses recorded every step of the medical order execution. The data was 
ready for being traced and analyzed.  
“We used to have little for nursing management. Before we use the new system, 
many of the indicators are collected manually. It is very difficult to do analysis as 
it was very time-consuming and some data were wrong. The data can be collected 
in a more detailed manner with the new system. So it is more easily than before to 
do data analysis” [MN01] 
 Lack of interface with some related systems  
The MNIS needed to have interface with many systems which were already 
utilized in the hospital for a relatively long period. Although the interface with 
HIS and EMR had completed, there were still some other systems needed to have 
interface with MNIS for better use effect.  
“We have more than 60 information systems in our hospital. We have already 
finish the interface for the new system with some systems such as the HIS and 
EMR. But the interface with some other systems still needs to be conducted, such 
as the surgical anesthesia information system and the blood transfusion 
management information system.” [EN01] 
4.4 Questionnaire 
This subsection is about the questionnaire conducted in this study. The way and 
the process for implementing the questionnaire are presented. The questions 
included in this questionnaire are stated and the results are prescribed either. In 




evaluate the impact factors and the effects of such a mobile nursing system. 
As illustrated in Figure 3.2, a structured questionnaire in Jiangsu Province 
Hospital as part of the case study had been conducted to provide some 
quantitative data in the data collection stage. The target group for this 
questionnaire was the nurses who have used the mobile nursing system for a 
period. The questions in the questionnaire were divided into three parts. Firstly the 
questionnaire started from the general section: gender, age, educational level, 
titles and usage days to collect some basic information for participants. These 
questions just asked the participants to choose the answer which matched their 
own situation. Secondly, the next part were several questions asking whether the 
participants were satisfied with the portability of the tablet PC, the stability of the 
wireless network, the navigation of the system, the information display of the 
system in the tablet PC, the ease of entry for the mobile nursing system, the 
system response speed and the training of the system so as to analysis the level of 
satisfaction towards the mobile nursing system. The last part of questions were the 
opinion of the effects of the mobile nursing system such as whether improved the 
accuracy of patient identification, improved the patient safety, whether improved 
the work efficiency, whether streamlined the work flow of nurses, whether 
improved the patient satisfaction and whether data stored is accurate and safe. For 
these two parts of questions, respondents were asked to agree/disagree with 
various statements using a five point range scale “strongly agree/agree/not sure/ 
disagree/strongly disagree”. 
All the questionnaires were distributed with a printed paper format which is 




distributed, and all were collected, providing a response and valid rate of 100%.  
4.4.1 Analysis 
The analysis of the obtained questionnaire data was done using Microsoft Excel 
and SPSS. All valid questionnaire responses results were recorded and entered 
into Microsoft Excel by the researcher. Several functions of Microsoft Excel such 
as the filter and figures were utilized in order to achieve and illustrate the findings. 
SPSS (version 22.0, IBM, Chicago, IL, USA) was used to perform statistical 
analysis of the demographic data using frequency tables. It should be paid more 
attention to that the results of questionnaire were used mainly with the intention of 
supporting or denying the findings from the interviews. In other words, the 
questionnaire has an important supportive function in this study. 
4.4.2 Findings 
The findings of each question of the questionnaire were offered in this part. The 
whole questionnaire is attached as Appendix 3. As mentioned before, there were 
totally 30 completed questionnaires from the selected case- Jiangsu Province 
Hospital utilized for data analysis.  
The Participants’ basic demographic information is shown in Table 4.7. Regarding 
respondents’ gender, the number of female included in the study was higher 
relative to that of male, with a man-to-woman ratio of 1:5. With respect to age 
group, most participants were aged between 20 and 40 years old, and the largest 
age group was between 20 and 30 years old. Regarding educational background, 
most respondents held bachelor degree at least, and very few held degrees below 




nurses, followed by supervisor nurse and above, the nurse is the lowest, but the 
difference is marginal. Regarding the length of usage of the mobile nursing 
information system, most of the respondents used the system for more than 181 
days, followed by 11 respondents who used system for a period between 91 and 
180 days, there was only one nurse used the system for a period between 31 and 
90 days while no result recorded less than 30 days. 





Age 20–30 years old 
30–40 years old 
40–50 years old 



















Usage days Less than 30 days 
31-90 days 
91-180 days 





Table 4.7 Basic Information of the Respondents 
Results about satisfaction with the various parts of the mobile nursing information 
system are shown in Table 4.8. For the answers, 1 represent great satisfaction, 5 
represent very dissatisfied, the smaller the score, the more satisfied from the 
participants. Regarding the seven questions of part 2, the mean satisfaction is 3 
which reveals that most participants were satisfied with the mobile nursing 
information system. From the mean value of all the questions, it can be seen that 




nursing information system and tablets. And then the more satisfied aspects are 
the information display of tablets (2.50), the convenience of information entry 
(2.70) and the system navigation design (2.80). It should be noticed that the 
response speed of the system (3.90) and the stability of wireless networks are the 
most unsatisfied points. Moreover, it was worth mentioning that the portability of 
tablets (3.13) needed to be strengthened as well. Another interesting rule is the 
lower variance, the more consensuses on the feedback which are consistent with 
the variance results. It can be seen that the system training aspect is very attractive, 
and it was done well in the implementation of the mobile nursing system which 
would lead to a good user experience. Another important thing is that the careful 
user interface design considering the display and input limitation caused by the 
screen size and the input of the tablet had a well affection as the satisfaction of 
information display of tablets, the convenience of information entry and the 
system navigation design is satisfied by the users. On the other hand, the worse 
aspects which were the response speed of the system and the stability of wireless 
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0 3 5 14 8 30 5 2 3.90 0.85 
System 
training 
3 22 5 0 0 30 3 1 2.07 0.27 
Table 4.8 Results of Satisfaction to the Mobile Nursing System 
Results regarding effectiveness of the mobile nursing information system are 
shown in the following Table 4.9. For the answers, 1 represents agree strongly, 5 
represents strongly disagree, the smaller the score, the more agree with 
the view of the investigated point. Regarding the six questions of part 3, the mean 
agreement value is 2.46 which indicates that most participants were agreed with 
the positive affection caused by the mobile nursing information system. From the 
mean value of all the questions, the questions that scored lowest among the six 
points was improve the accuracy of patient identification (1.50), and next is agree 
with improves patient safety (1.60). The more agreed affection also includes the 
patient satisfaction (2.8) and the accurate and safe data storage (2.23). The points 
of optimized the workflow (3.00) and increased the work efficiency (3.60) had not 
been agreed obviously. It can be seen that most of the participants agreed that the 
patient satisfaction was improved because of the improvement of patient 




done well with the accurate and safe data storage. On the other hand, the worse 
aspects which were the improvements of optimizing the workflow and the work 
efficiency indicated that the system still needs to be optimized according to the 
workflow. One difference with the satisfaction part is that the average score is 
lower than satisfaction survey, that is, respondents pretty much agreed that mobile 
nursing information system improves accuracy and safety. Consistent with the 
previous section, the basic rule is the lower variance, the more consensuses on the 






















the accuracy of 
patients 
identification 




14 14 2 0 0 30 3 1 1.60 0.39 
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2 9 14 3 2 30 5 1 2.80 0.92 
Storage data is 
more accurate 
and safe 
6 14 7 3 0 30 4 1 2.23 0.81 
Table 4.9 Results of the Effectiveness of the Mobile Nursing System 
Questionnaire survey results about the mobile nursing information system are 




Radar chart used for showing directionality frequency distribution and 
simultaneously comparing many groups of data is advantageous for the 
observation of distributed intensity. The eighth question score is closest to the 
center of the circle which stands for most satisfaction, while the circle with the 
largest radius is correspond to the sixth question, which means the least satisfying 
part of the system is the response speed of the system. 
 
Figure 4.17 Statistical Results of all the Questions 
As shown in Table 4.10, use of demographic data to group the respondents 
according to gender, age, educational background, title and length of usage 
revealed little differences in results among groups. All the survey results did not 
differ significantly according to above factors. Data were analyzed by Pearson 




was used to analysis different variables between factors, these results differ 
significantly according to gender (p<0.01). Similarly, the results of the Pearson 
correlation indicated that age were correlated significantly with satisfaction survey. 
Based on different ages of 20-30, 30-40 and 40-50, data shows that difference 
between the two groups has statistical significance. As for educational background, 
Pearson's correlation coefficient is 0.959 between college degree and above. 
Different title between nurse and senior nurse is 0.937, senior nurse title and 
supervisor Pearson value is 0.924, while nurse and supervisor title is 0.956. The 
reason for this finding could be that the original groups formed according to 
gender, age, educational background, title, and usage days shows no significant 
differences among small sample. To understand the distribution of the respondents’ 
characteristics with respect to the mobile nursing information system, a 
nonparametric rank-sum test was performed using basic demographic information 
in the first part as the classification standard. The test results are shown in Table 
4.10. Mann–Whitney tests were performed to assess gender and educational 
background because the variables contained two values, and Kruskal–Wallis tests 
were performed to assess the remaining demographic data, which contained 
multiple values. Based on the significance level of 0.05, all of the satisfaction for 
mobile nursing information system greater than threshold (P>0.05), that is to say, 
survey results make no difference according to gender, age, educational 
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Table 4.10 Single Variable Analysis Satisfaction Survey Results 
#
Pearson's correlation coefficient. * Mann–Whitney test. ** Kruskal–Wallis test. 
4.5 Observational Study 
The observational method was utilized to observe the nurses’ working mode 
before and after the mobile nursing system was introduced. By means of 
observation, a behavioral classification system list suitable for nursing staff in 
Chinese hospitals was utilized. The behavioral classification system list provided 
an accurate and complete nursing work models for the nursing staff during the 
eight-hour working period, and provides baseline data for the follow-up 
assessment of the impact of the introduction of mobile nursing system on the 




nursing behavioral classification before and after the new mobile nursing system 
introduced was compared and analyzed.  
4.5.1 Observational Results 
This part came from the ethnographic part of the study. The unanticipated 
observation method is presented below. The results from the unanticipated 
observation are also presented for further analysis. 
The nursing behavior is divided into eight categories: direct nursing, indirect 
nursing, infection control category, nursing document management, personal 
things, standing or walking between behaviors, language communication category 
and other behavioral categories. The brief description for every category is as 
shown in the following Table 4.11. 
Category Behavior description 
1.Direct Nursing Resettlement patients 
Measure the vital signs of patients 
Ward-inspection 
Distribute medicine to the patient 
etc. ………… 
2.Indirect Nursing Ward surrounding management 
Medical waste disposal 
Instrument maintenance and use 
Material supply 





Put on or take off personal protective equipment 




Fill in clinical treatment cards 




Record and check the vital signs of patients 
Complete various nursing evaluation sheets and 
nursing records 
Print all kinds of paper records 
etc. ………… 
5.Personal Things Rest 
Personal calls 
etc. ………… 
6.Standing or Walking 
between Behaviors 
Standing or walking between corridors and wards 
7.Language 
Communication Category 
Help another nurse do his/her work 
On-the-job training 
Communicate with patients 





Table 4.11 Nursing Behavioral Classification List 
The study received the approval and support from the director of nursing 
department and IT department of Jiangsu Province Hospital. This research was 
carried out in the cardiology ward. The ward had 45 beds and 16 nurses with 
professional qualification certificates. Among them, one was co-chief nurse, five 
nurses were supervisor nurses and ten nurses were senior nurses. Because the 
hospital bed in this ward is in a long-term tense state, it can maintain a relatively 
stable nurse-patient ratio of 1:2.8. In the cardiology ward, all the nurses agreed to 
participate in the study. 
When conducting observation, the head nurse of the cardiology ward was 
introduced by the director of nursing department. The head nurse introduced the 
researcher to the nursing staff at the first meeting, explained the purpose and 




voluntarily. This allowed the study's observers to quickly integrate into the 
nursing staff's community and win their support for the research project. At the 
same time, nurses and observers get along well, which minimizes the potential 
Hawthorne effect (Finkler et al. 1993) and improves the objectivity of observation 
studies. It is important to emphasize that this study only observed the nursing staff 
who gave explicit consent. In the cardiology ward, all the nurses agreed to 
participate in the study, and the actual data of 5 nurses were collected. 
To better understand the change before and after the utilization of the new mobile 
nursing information system. The observation study was conducted to observe the 
nursing mode one month before the mobile nursing system is introduced firstly. 
The intensive observation lasted for five days. Furthermore, the observation study 
was conducted to observe the nursing mode six months after the mobile nursing 
system is utilized in this case site hospital. The intensive observation lasted for 
another five days. Compared with the nursing work mode before the introduction 
of mobile nursing system, the impact of mobile nursing system was analyzed. It 
provided an important reference for hospital managers to nursing work and 
nursing staff management and it also provided effective data support for the 
development of such a mobile nursing system. The observed time consuming for 
the eight categories of nursing behavior before and after the implementation of the 
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Table 4.12 Comparison for Time-consuming of Nursing Behavior before/after 
System Introduced 
4.5.2 Findings 
From the data of Table 4.12, the results showed that after the introduction of the 
mobile nursing system, the majority of nurses spent 31.1% of their time on direct 
nursing behaviors, followed by 28.3% on language communication, 16.9% on 
indirect nursing, 18.2% on nursing document management, and the least on other 
behaviors and personal affairs, they were 1.7% and 2.3% respectively. Statistical 




management, personal affairs, standing or walking between behaviors and other 
behavioral behaviors had significant changes before and after the introduction of 
mobile technology. Only indirect nursing, infection control and language 
communication behaviors had no significant difference in the time consumed 
before and after the introduction of mobile technology. That is to say, about 50% 
of the behavioral time allocation of nurses was affected by the introduction of the 
mobile nursing system. Among them, the time consumed by direct nursing and 
nursing document management increased significantly, which were direct nursing: 
26.3% before system introduction, 31.1% after system introduction, P<0.05, 
nursing document management, 14.1% before system introduction, 18.2% after 
system introduction, P<0.05. Standing or walking classes between actions: before 
system introduction: 5.9%, after system introduction: 3.1%, P<0.05. Personal 
errands: before system introduction: 4.8%, after system introduction: 2.3%, 
P<0.05, the time occupied by other behavioral behaviors were significantly 
reduced, before system introduction: 4.9%, after system introduction: 1.3%, P < 
0.001. 
The average time spent on standing or walking between behaviors was about 30 
minutes, which was significantly lower than the 50 minutes before the 
introduction of mobile nursing system. This was due to the fact that before and 
after the introduction of mobile nursing system, the confirmation of doctor's 
orders could be completed on PDA. 




behaviors were direct nursing behavior (31.1%) and language communication 
behavior (28.3%). Nursing document management behavior accounted for 18.2%. 
Compared with before the introduction of mobile nursing, the time spent on 
indirect nursing behaviors decreased from the third to the fourth. 
It can be seen from Table 4.12 that the introduction of mobile nursing system 
brings changes to nursing work. Firstly, the total time spent on personal things, 
standing or walking behaviors and other behavior behaviors decreased 
significantly, while the total time spent on direct nursing, nursing document 
management, and class behaviors increased significantly. There was no significant 
difference in indirect nursing behaviors, infection control and language 
communication. This shows that after the introduction of mobile nursing system, 
the workload of nurses has increased and the work of nursing workers has become 
busier. However, the proportion of direct nursing behaviors around patients has 
increased when nurses choose to sacrifice their own rest time. No patient was 
neglected because of the busy nursing work, so the quality of nursing was 
guaranteed. 
Secondly, in the classification system of nursing work behavior, the 
time-consuming increase of nursing document management behavior is partly due 
to the instability of the system and the unskilled use of nursing workers, which 
may be improved in the follow-up work. 
Finally, the introduction of mobile nursing system, from the perspective of direct 




behavior decreased, indicating that the efficiency of nurses in direct care of 
patients has improved. 
4.6 Summary 
This chapter presented the results and findings generated from the mixed methods 
research. The first part of this chapter introduces the selected case hospital – 
Jiangsu Province Hospital. The following part is the presentation of the design and 
implementation of the nursing information system including the requirement 
analysis, system design, system construction and implementation.  
The next part of the current chapter is the analysis and findings of the interviews 
and questionnaire. The analysis of the interviews adopted thematic analysis 
through the lens of Activity Theory and the detected themes were presented. The 
results of questionnaire were analyzed using arithmetic and statistical methods. 
All the analysis is focus on the research question. 
Finally, an observational study was described. The time-consuming of nursing 
work behavior classification before and after the introduction of the mobile 





















Chapter 5: Discussion 
The results and findings revealed that the closed-loop medication administration 
can be achieved through a well-designed and implemented mobile nursing system. 
The mobile nursing system covers the complete process of medical orders 
execution procedure and provides information access, data records and data 
management. It breaks through the time limitation and space constraints through 
constructing the wireless network and the utilization of the PDA device. The key 
points in designing and implementing the mobile nursing system, the benefits and 
problems brought by the system were evaluated.  
A deeper understanding and analysis of the results obtained from the study is 
through the lens of Activity Theory. Medication administration is a complex 
human activity and is object-oriented toward closed-loop medication 
administration so as to achieve high quality and safe nursing care. The new 
implemented mobile nursing information system (MNIS) was treated as the 
mediating tool for facilitating closed-loop medication administration. In this 
MNIS project, the internalization resulted in cultural shifts in the medication 
administration. The introduction of MNIS to this hospital was an externalization 
in response to the need for effective technology solutions to achieve closed-loop 
medication administration and improve quality of nursing care. As the medication 
administration development constantly, all the issues should be understood and 




and the Activity-Oriented Design Method (AODM) was used to evaluate the 
MNIS toward closed-loop medication administration and nursing care in high 
quality.  
This chapter is organized into five subsections. The following subsection 5.1 
discusses the factors in achievement of closed-loop medication administration. 
The next subsection 5.2 presents the key issues in the design and implementation 
of the mobile nursing system. The next two subsections presents the benefits and 
problems of the new system. The following subsection is about the anticipation of 
this mobile nursing system for improvement. The last subsection is a summary for 
this chapter. 
5.1 Achievement of Closed-loop Medication Administration 
With the wide application of information technology in healthcare fields, the 
concept of closed-loop management was introduced into the field of hospital 
management in recent years. Closed-loop means that the key steps of execution 
were all computerized and connected through information integration technology. 
The core idea of "closed-loop" is record and feedback (Xiao, Zhang & Shang 
2012). There were two kinds of feedback objects in closed-loop medication 
administration. On the one hand, from the point of view of the specific process, 
the feedback objects were the participants of the process. They were doctors, 
nurses and information systems participating in the process of medical order 




errors in the execution of the medical order by optimizing the medical order 
process. On the other hand, from the perspective of overall management, the 
feedback object of the closed-loop was the process management. The feedback 
information recorded during the execution of medical orders could be used as the 
data source and reference material for medical quality evaluation and management 
(Xiao, Zhang & Shang 2012). 
Closed-loop medication administration also had the function of process 
reengineering. After the introduction of the new mobile nursing system, the 
original working process was not just digitized, the new working process was 
reengineered according to the advantages of the new system and the requirements 
of closed-loop medication administration (Kaplan & Norton 2008). Compared 
with the traditional management mode, it affected the original working habits of 
medical staff. Therefore, in practical application, the context of nursing 
management had also changed. Although closed-loop medication administration is 
vital for quality nursing care, it was still difficult for traditional hospitals to realize 
closed-loop management of medical orders (De Smet et al. 2008). 
Closed-loop medication administration is critical for quality medical service. This 
corresponded to the first principle of Activity Theory that the activity is 
object-orientedness. In this study, the activity was medication administration and 
the object was closed-loop medication administration so as to improve the quality 




information system. Since nurses linked the entire process of medical treatment, 
the mobile nursing system integrated all the clinical information systems. The 
information about the execution process of medication orders contained the basic 
content of "Who, What, When, Where, How", which referred to the specific 
content elements such as who executed the medical order, what was the medical 
order, how to execute it, the time and place of execution. 
There were several processes in the whole activity of medication administration. 
This could be explained by another principle of Activity Theory which is the 
hierarchical structure of activity. The activity was medication administration and 
the second level actions executed by the subject – nurses were the different 
processes in the entire process including proofreading medical order, preparing for 
medicine disposal, checking the patient and the medicine and handling the 
medicine disposal and recording. Each action had its own goal in order to achieve 
the outcome of the activity. The lower layer of actions is operation which in this 
study referred to the unconscious processes such as looking at the PDA to get the 
information displayed. These operations in different conditions were conducted to 
achieve the related actions. All the actions and operations were evaluated to 
design the new mobile nursing system. 
In this study, the new mobile nursing system was used by the nurses to achieve the 
closed-loop medication administration. This is aligned with the third principle of 




mediated tool was used for the subject – the nurses to achieve the object which 
was the closed-loop medication administration so as to improve the quality of 
nursing care. 
5.2 Key Factors in Design and Implementation of the System 
A comprehensive understanding of the workflow of nurses’ daily job and the 
whole medical execution process in this project was the key factor for analyzing 
the user requirement. This ensured the first principle of user-centered design 
which states that the design is based upon an explicit understanding of users, tasks 
and environment. Sometimes the requirements of nurses didn’t mean the literal 
meaning whereas maybe had some underlying meanings instead. If the whole 
workflow and the whole medical execution process were not fully understood, the 
underlying meanings would not be realized. If the system function was designed 
and developed according to the literal meaning, problems would be found after 
the implementation of the system sooner or later. At that time, the modification of 
the system would be very time-consuming and inefficient. Therefore, the correct 
and clear analysis of the requirement based on comprehensive understanding of 
the workflow of nurses’ daily job and the whole medical execution process were 
vital for the success implementation of this mobile nursing system.  
In the system design stage, the early involvement of nurses was very important for 
the successful design and implementation of this mobile nursing system. This 




which is that users are involved throughout design and development. Since the 
engineers lacked both in-depth understanding of the hospital operation and 
clinical experience, they couldn’t fully understand the requirements from the 
nurses and other clinical professionals therefore the design and development of 
the system was completed together with the nurses and other representative 
clinical staff. The cooperation ensured that the system design was relatively 
consistent with the clinical work of real environment and in accordance with the 
logic of hospital operation.  
Another two principles of user centered design method which are that the design 
is driven and refined by user-centered evaluation and the process is iterative were 
also followed in this project. As mentioned in Chapter 4, in this project several 
head nurses had been assigned responsible for various clinical service processes 
respectively and the final design solution was refined by the evaluation of them 
iteratively. 
Not only nursing managers but also the nurses from the first line were involved in 
the project from the beginning. Everyone had his/ her own viewpoints from his/ 
her own position. The focus of nurse from the first line was mainly about the 
efficient of the system and the decrease of the work load of their daily job. The 
nursing managers had also considered the whole medical executions process, the 
quality and the management issues. They had different requirements towards the 
same process as they had different focus points. Therefore, both the nurse from 




to draw the whole picture and make a balance among different requirements. In 
addition to this, other clinical professionals such as the doctors and the 
pharmacists were also interviewed to collect their viewpoints for some related 
medical process in order to obtain a compensative understanding. All these efforts 
ensured the fifth principles of user centered design method that the design 
addresses the whole user experience. 
The project team was consisted of representative nurses, engineers from the IT 
department and engineers from the venders and was constructed when the project 
started. This also referred to another key principle of user centered design method 
which indicates that the design team includes multi-disciplinary skills and 
perspectives. The participation and cooperation of members from different 
departments ensured the smooth progress of this MNIS project. 
The principle of user-centered design was also very important and had direct 
affection to the process of system implementation. No matter how wonderful the 
system interface looked and how many functions the system achieved, it would be 
a failed project if nurses were unwilling to use it. Consequently, the focus on 
user-centered principle lasted for the whole period of system design and system 
complementation in this project. It was because that the opinion and real thoughts 
from the nurses of the front line were considered, so the system was easy to use 
and improved the nurses work efficiency in deed.  
On the other hand, the scope of user requirement was vital for the design and 




understood, that didn’t mean that all the requirements should be achieved at the 
first time. Some of the requirements were modified or given up since they were 
not consistent with the overall goal of the whole hospital in this project. Moreover, 
even if for the confirmed user requirements, not all of them were completed 
before the system implementation. The process of optimizing the system was a 
long and continuous period during the complex characteristic of medical field. 
Therefore, the system was implemented step by step and there were different 
focus in different stages. In addition to this, some of the user requirements had 
been changed as they used the system for a period since they could not imagine 
what would happen with their daily working process before the real 
implementation. As a result, some blurred and not clearly defined requirements 
were designed with a simple manner firstly and were refined after the real 
implementation. This was consistent with the development principle of Activity 
Theory which indicates that the activity is developing constantly and should be 
evaluated in the dynamical condition over time. 
The selection of the pilot ward was also a critical issue which should be 
considered carefully. If a pilot ward with relative simple working process was 
chosen, the system pilot would be promoted in a smoother mode. But the 
shortcoming was that many unanticipated difficulties and problems would be 
encountered in those clinical wards which had heavy workload and complex 
situation when the new system was implemented in the whole hospital. On the 




the problems faced in real promotions of the whole hospital would be less difficult. 
Nonetheless the problems were that the system pilot would be more difficult. A 
clinical ward with relative simple working process was chosen as the pilot ward in 
this project. This was the decision of both the director of the IT department and 
the director of the nursing management department. They thought that the new 
mobile nursing system would change nurses’ workflow in a large extent, so the 
successful pilot would be vital for the successful promotion through the whole 
hospital afterwards. As the old process was conducted manually, they still had 
time to refine the system if some problems were encountered in the real 
implementation. This can be detected from the interview with the project manager 
in the IT department.  
“Whether the pilot went well or not is very important. If the nurse in the pilot 
ward felt the system difficult to be used, the situation would be very hard to be 
changed afterwards. But if they felt the system is easy to be used, they would tell 
others nurses and this would be good for the whole implementation. The real 
situation is that no matter how many times we test the system, there were still 
many issues in the real situation which we can’t imagine.” [EN01] 
The pilot period should not last too long as mentioned by some interviewees. If 
the system was used in a pilot ward for a long time, the engineers and the nurses 
would be tired for system test and system optimization. When the clinical process 
in the pilot ward was relatively stable, the system began to be promoted to the 





The development and debugging of interfaces with other information systems 
were important either. There were many information systems in the hospital. The 
data interaction and sharing were also critical factors. All the basic information 
such as the basic information of patients, clinical wards, medicine, clinical 
treatment and others should be ensured to be synchronized. No information 
needed to be input more than once which means that when a data was input to a 
system other systems were able to obtain the information when needed.  
The internalization and externalization principle of Activity Theory was also 
shown in this study. In this case, the externalization referred to as the introduction 
of the new mobile nursing system as new tool to fulfill the urgent demand of 
improving medical service quality driven by pressures and struggles. 
Internalization was demonstrated through training and supporting nurses to use 
MNIS as a new tool. Therefore, full coverage training was also necessary before 
the implementation in all the clinical wards. Since the mobile nursing system was 
a new system for all the nurses, some of them were afraid of using it as it would 
affect their daily job directly. From this point of view, as many nurses as possible 
had be trained before they use the system. It was demonstrated that the adequate 
training was important for the preparation of the system implementation. As 
shown from the questionnaire, 73.3% of nurses were satisfied with system 
training in this project, which means that the mobile nursing system was well 





“At the beginning I am afraid that I can’t use the system as it seemed too hard to 
learn. I attended the training twice and do many exercise until I understand how 
to use the main function. The engineer also companied with us when the new 
system began to use in our wards. When we had problems, they explained 
immediately. They were really helpful.” [CN10] 
5.3 Benefits of the Mobile Nursing System 
Improving quality of medical service has always been a target pursued by all the 
medical institutions worldwide. The users were generally satisfied with the current 
situation of the mobile nursing information system. It was noticed that the nurses, 
the doctors and the patients could all get benefits from the utilization of this new 
mobile nursing system. The system made the clinicians do their job more 
efficiently and accurately and it also improved the quality of medical service.  
Firstly, the nurses got more benefits through the utilization of the new mobile 
nursing system because that the old work process was replaced by a new 
simplified and efficient workflow. For the old workflow, most of the procedures 
were conducted manually which was inefficient and untraceable. The mobile 
nursing system helps nurses to improve the efficiency of medical order execution, 
reduce work pressure and reduce the error rate of medical order execution. With 
the utilization of the fully covered wireless network and the PDA, the nurses 




the medical orders, the situation of various clinical treatment through the new 
system without space limitation and time limitation. This was critical for the 
improvement of work efficiency and quality of clinical service. The questionnaire 
showed that 67% of the respondents agreed with that the workflow was greatly 
optimized.  
Moreover, the nurses could do almost all the documentation job more convenient 
invent and efficiently with the new mobile nursing system. They could record the 
patient's physical signs, the execution time and the situation of all the medical 
orders, the nursing medical records, various evaluation forms and other relevant 
information at the bedside of the patient using the PDA. In the old workflow 
before the system implementation, the nurses needed to record all the information 
manually first and then input into the computers in their office. A lot of work 
needed to be done with paper records, which not only wastes paper but also brings 
workload to nurses. Compared with the old documentation process, the new 
system not only improved the work efficiency, but also reduced the chance of 
medical error. As a result, comprehensive care for patients was achieved with the 
new mobile nursing system. 
The improved accuracy in the new system was also a notable factor. For the old 
working process, the accuracy is also a big problem apart from the efficiency and 
it was also improved effectively. Mobile nursing system could alert nurses for 




clinical medication implementation process. The identification of patients and 
medicines became simple and accurate because it could be achieved through 
scanning the wristband of patients and barcode in the surface of medicine. The 
medical orders could not be executed if something was detected to be wrong. 
Furthermore the check rules could be defined and settled according to the 
requirements of different clinical wards. It could be demonstrated from the data of 
the questionnaire. 90% of the respondents agreed with the points that the accuracy 
of patient identification was greatly improved. 93% of the respondents agreed 
with the views that the patient safety was greatly improved with the new mobile 
nursing system. Thus, mobile nursing information system improved the safety of 
clinical medication, effectively prevent and reduce the incidence of medical 
errors.  
It was worth noting that the benefits for nursing management were also a 
highlight for this mobile nursing system. For the old workflow, as most of the 
processes were conducted manually, the whole process was unable to be traced 
and there were little data for nursing management. Even for the existing recording 
information, the accuracy was also a problem needed to be considered since most 
data were recorded afterwards. After the introduction of the mobile nursing 
system, the situation was totally changed. All the information was recorded at the 
same time as nurses executed the medical orders, so the entire process could be 
traced. If a medical error occurred, the weak points could be detected and future 




enough data for nursing managers to analysis, they could make decisions 
according to the data analysis. Therefore, the mobile nursing system provided 
decision support for nursing management. This promoted the management level 
from traditional management to delicacy management of nursing management 
which was scientific and effective. The interview with the director of nursing 
management department showed this. 
“In the new nursing system, some nursing management reports could be 
generated automatically. It is really very helpful for us. Now more reports are 
developing according to our requirements. Now the quality control could be 
conducted more convenient than before. When some errors occurred, the system 
could remind the responsible staff immediately.” [MN01] 
In addition to nurses, the doctors also got benefits from this new mobile nursing 
system although they didn’t use the system directly. The system still could 
improve the work efficiency of doctors as the reason of the timely and accurate 
information acquisition. The timely and accurate information acquisition is vital 
for the doctors to develop follow-up treatment plans. All things changed since the 
new system, as the nurses recorded the patient's vital signs and the order’s 
execution status in a timely and accurate way using the PDA in the bedside of the 
patients in the wards. Therefore the doctors could make decisions of the follow-up 
treatment according to the timely and accurate information acquisition in a more 




“Some doctors also think the new system to be useful to them. They said that they 
can acquire the execution information of medical orders very quickly. But 
previously, they need to wait for a long time to get the information.” [CN08] 
“A young doctor once said to me that he also wants a mobile system. He wants to 
check the information of patients in the wards while he can only obtain the 
information in the office now. He felt that the nurses can use PDA to do a lot of 
things and it’s really attractive.” [EN01] 
Patients also received benefits from this mobile nursing system. As a result of the 
improvement of the quality and efficient of clinical treatment, patients experience 
and patients safety was also obtained promotion. The new method of patient 
identification was simple and accurate. Before the mobile system being utilized, 
patient identification was complicated and error-prone. Nurses needed to ask 
several questions about the patients. For patients, it was really annoyed as they 
always suffer pain, they didn’t want to be bothered frequently. In the new system, 
patient identification was completed through just scanning the wristbands with the 
PDA. Furthermore, patients could get their desired information in timely manner 
because nurse could check the PDA for all the information at bedside. This 
improved the satisfaction of patients obviously.  
5.4 Problems of the Mobile Nursing System 




problems in the system design and implementation which were needed to be 
improved.  
Firstly, with regards to the usage of current mobile nursing information system, 
some interviewees said that system is not running smoothly. It was because the 
stability of the portable device and the wireless network needed to be improved. 
Only 23% of the respondents felt satisfied with the portability of tablets. Although 
the portable PDA was chosen with careful consideration, as a portable device with 
the size limitation, the applications did not run smoothly when the system was 
busy. This should be optimized through the hardware aspect and software aspect. 
The stability of wireless network was also a key issue as it would affect the user 
experience obviously. For the network, the situation was even worse that 80% of 
the respondents were dissatisfied with the stability of the wireless network. 73% 
of the respondents were dissatisfied with the response time of the system. The 
response time of the system was the main factor that affects the performance of 
mobile system. In order to ensure high data transmission speed, the quality of the 
wireless network should be guaranteed. Otherwise, the nurses would be 
interrupted when working and may cause data loss. There was some area where 
the signal of wireless network was weak in the clinical wards. Nurses would feel 
the PDA to be no response when using the system in some corners 
due to weak network coverage in that area. Therefore, increasing the investment 
in information construction, realize the safe, suitable and stable operation of the 




successful implementation of mobile system. 
It could be noted that the usability of the software still should be improved. Only 
23% of the respondents satisfied with system navigation design and almost half of 
the respondents satisfied with information display of tablets. There were 37% of 
the respondents satisfied with the convenience of information entry for the 
system.  
A previous study conducted by Andersen et al. (2018) showed that the importance 
of a user-friendly design needs to be taken into account when developing new 
m-Health services. The combination of user-specific requirements and limited 
relative small-screen interfaces as on smart phones creates design challenges in 
usability, which includes learn ability, efficiency and satisfaction as the general 
requirements. In a systematic approach to design principles, Su and Liu (2012) 
showed how a mobile nursing information system can be developed when taking 
care of the usability aspects and the user’s cognitive model, and not only the 
technology aspects.  
According to Activity theory, in this research the nurses were the subject, the 
patients were the object, the PDA and the mobile nursing system were the tools, 
the activity was including handling and recording the medication orders and the 
outcomes were the closed-loop medication administration and patient safety. It 
can be found from the interviews that the tools (i.e. the PDA and the mobile 




and thus the optimization for the tools should be intelligent decision support. 
5.5 Anticipation for the Mobile Nursing System 
Although the mobile nursing system was implemented successfully, there were 
still many aspects that needed to be improved. The stability of the portable device, 
the stability of the wireless network, the usability of the software and the system 
support all needed to be enhanced according to the findings of the study from 
different research methods. 
As shown in Table 4.8, there is a strong need for improving stability and speed of 
mobile nursing system. The nurses were moderately satisfied with portability with 
tablets and design of information system as average. Half of respondents (50%) 
were only moderately satisfied with convenience, which indicates that mobile 
tablets required improvement.  
Since the screen of the PDA is small to display too many information and it was 
the most important tools for nurses’ daily job, the convenience, the navigation 
need to be enhanced to improve the usability of the system. Some suggestions on 
the system optimization such as different prompt tone for different situation were 
also mentioned by some interviewees. If the prompt tone for wrong information is 
obviously different with the right information, the accuracy could be improved 
more obviously. Additionally, the workflow needed to be refined according to the 




characteristic of patients was different, the workflow needed to be justified 
according to the difference. There were also suggestions on the utilization for 
decision support functions for the mobile nursing system. The system was 
expected to generate automatic data and reminder with decision support modules 
which would improve the information input and work efficiency.   
Regular on-site support and technical support were also mentioned to be essential. 
Because the nurses are not experts on information technology and the nature of 
their work is rather hectic, they will not have the time to fully and systematically 
consider in-depth whether there are problems in system. Hence, the interviewees 
generally recommend that the technical personnel from the IT department should 
conduct regular on-site visits to check the system operation.  
5.6 Summary 
This chapter discussed the results and findings of the study according to the 
aspects in the research question. 
Firstly, the achievement of closed-loop medication administration was discussed. 
The concept of closed-loop medication administration requires the achievement of 
the recording and tracing throughout the whole process of medication order 
execution. There are many information systems involved in the whole process for 
different kinds of medical orders. The utilization of mobile nursing system is an 




because all the data could be recorded and traced anytime anywhere with the 
adoption of PDA and wireless network. 
Secondly, the key factors of the success implementation of the mobile nursing 
system were deliberated. The requirement analysis should be based on the 
comprehensive understanding of the workflow of nurses’ daily job and the whole 
medical execution process with the early involvement of nurses from the 
beginning of the project. The system design should be focused on user-centered 
principle whereas the scope of system functions should be defined clearly and 
some functions should be achieved as the improvement after the system 
implementation. For system development, not only the development of the mobile 
nursing system but also the development and debugging of interfaces with other 
information systems were important and should be paid more attention. It was 
also mentioned that the full covered training for users was critical for the success 
implementation. The selection of pilot ward should be considered with the real 
situation and requirement of the hospital and the pilot period should not last too 
long. 
Thirdly, the benefits from the utilization of the mobile nursing system were 
presented and discussed. With the help of the system, the clinical professionals 
including the nurses and the doctors did their job more efficiently and accurately 
and it also improved the patient safety and patient satisfaction. Regarding the 




situation of mobile nursing information system and new simplified and efficient 
workflow, especially in wrist band recognition and accuracy of identification. The 
information access and the data recording were very convenient with the new 
system and the PDA. In addition to this, the benefits for nursing management 
were obvious because of the traceable medical execution process, the timely 
quality control and the available data analysis for decision making support. As a 
result of the improvement of the quality medical service, patients experience and 
patients satisfaction were also obtained enhancement. 
Fourthly, there were still some problems encountered in the design and 
implementation of the mobile nursing system. The stable of portable device and 
wireless network were not satisfied by the users and needed to be enhanced.  
At last, there were some issues expected by the nurses for future promotion. The 
stability of the portable device, the stability of the wireless network, the usability 
of the software and the system support should be improved. Regular on-site 



















Chapter 6: Conclusions 
First, this chapter answers the research question and its supporting questions. The 
following parts present the contributions to theory and practice. After that, the 
main limitations of this study are described. And then, future study direction based 
on the results and findings of this study is given. The concluding remarks are 
stated at last. 
6.1 Answering the Research Question 
The research question “How can a mobile nursing system be used to achieve 
closed-loop medication administration to deliver high quality and safe nursing 
care?” is answered through answering the two sub-questions. The first 
sub-question “What are the key issues in designing and using mobile nursing 
system in the implementation of the closed-loop medication administration?” is 
answered as several key factors could be identified through this study. The early 
involvement of users, comprehensive understand of the workflow and medical 
execution process, user-centered design, election pilot case, interfaces with other 
information systems and full coverage training were detected as key issues in the 
successful implementation of mobile nursing system and closed-loop medication 
administration. 
The second sub-question “What are the benefits and problems when utilizing 




also answered by the current study. The findings identified that the benefits from 
the system included convenient information access, timely and accurate recording, 
improvement of medical quality, patient safety and patient satisfaction. The 
problems which needed to be improved were the stability of the portable device 
and wireless network. 
Overall, the closed-loop medication administration was achieved through the 
implementation of mobile nursing system. All the clinical professionals received 
benefits from the system.  
6.2 Contributions to Theory 
This study contributes to theory firstly through demonstrating the mobile nursing 
information system (MNIS) is useful to achieving closed-loop medication 
administration so as to improve nursing care quality and reduce medical errors. 
Medical error is a critical and intractable crisis all around the world because of the 
direct physical injury and indirect financial problem (WHO 2004). Closed-loop 
medication administration is demonstrated to be able to reduce medical error 
through the intervention and documentation in the whole medication management 
process. Although there are many research records about the closed-loop 
medication administration, few approaches have focused on the mobile nursing 
system. This research identified the main aspects when designing and 
implementing closed-loop medication administration through mobile nursing 




administration and patient safety knowledge can be more integrated in academic 
field. In addition, the results of this research also provide ideas when applying 
decision support with the information derived using big data technology. 
Secondly, this study contributes to theory by demonstrating that the user-centered 
design method was useful for the design of this kind of mobile nursing system in 
the healthcare field. Furthermore, another contributes to theory was being one of 
the first studies to integrate Activity Theory concepts and Activity Oriented 
Design Method (AODM) as a theoretical lens of evaluation the impacts of MNIS 
in the context of a big hospital. Activity Theory was found to be valuable in 
investigating the impact of information technology in the context of complex 
human activities in healthcare field. 
6.3 Contributions to Practice 
Moreover, the finding of this research contributes to the pursuit towards a high 
quality and efficient healthcare delivery in practice. In this study, the contribution 
to practice is the successful attempt to closed-loop medication administration 
through the implementation of a well-designed mobile nursing system and the 
final completed system. The expected outcome of this research is to achieve 
closed-loop medication administration so as to improve nursing care quality and 
patient safety with the utilization of mobile nursing system. The systematic 
evaluation approach in this study is very relevant to all the other hospitals 




successful outcome will be ensued. The final completed system is both effective 
and diffusible to other healthcare institutions. As the selected case hospital is a 
large public hospital, the situation there is very complicated and representative. 
Therefore various problems had be encountered and solved in the hospital and the 
system has the potential to be promoted to other hospitals. At the end of this 
research, some recommendations of designing and implementing such a mobile 
nursing system are also given. 
6.4 Key Limitations 
There were some limitations of this research. The research was based on a single 
case study in China and therefore the findings maybe not appropriate to other 
healthcare institutions, especially outside China. Every healthcare institution has 
its own characteristics and the focus and solutions are different. The other 
limitation is that the presented language of the mobile nursing system is mandarin 
as the case is in China, so translation will be needed before promoting to other 
countries. 
6.5 Future Research Directions 
For future studies, recommendations can be given according to the results and 
findings of this study. On one hand, from the aspect of system optimization, some 
decision support functions for the improvement of work efficiency and accuracy 
need to be investigated and the data analysis for nursing management could be 




attention as the utilization of internet and mobile technology has increased the risk 
for data compromise. Furthermore, the Artificial Intelligence (AI) technology 
such as image recognition and voice entry are developing rapidly. These 
technologies might be embedded in the current mobile clinical system for the 
improvement of clinical treatment quality, work efficacy and patient safety. On the 
other hand, from the perspective of theoretical application, since the Activity 
Theory was utilized in this study for the evaluation of the MNIS towards 
mediation administration for nurses, some further utilization of Activity Theory 
such as evaluating the effects towards other healthcare processes and user 
interface design adopting Activity Theory method could be attempted in the future 
study. Furthermore, task-technology fit theory considers the fitness of task and 
technology from the macro, meso and micro level and there is an example of 
using the theory for deeper investigation about the Point of Care system in 
healthcare field (Muhammad & Wickramasinghe 2017). Therefore 
task-technology fit theory could be used for further understanding of key issues of 
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Appendix 1: Participant Information and Consent Form 
The Participant Information and Consent Form 
(PICF) 
INVITATION TO PARTICIPATE IN A RESEARCH PROJECT 
PARTICIPANT INFORMATION  
Project Title: The Implementation of Closed Loop Medication Administration 
Using a Mobile Nursing Information System 
Investigators:  
 Supervisor: Professor Nilmini Wickramasinghe, Professor, 
nilmini.wickramasinghe@rmit.edu.au, +61 399255783  
 Second Supervisor: Dr Say Yen Teoh, Senior Lecturer, PhD Program 
Coordinator, sayyen.teoh@rmit.edu.au, +61399255788 
 Jianqiu Kou: PhD student, s3300519@student.rmit.edu.au  
Dear …………., 
You are invited to participate in a research project being conducted by RMIT 
University. Please read this sheet carefully and be confident that you understand 
its contents before deciding whether to participate. If you have any questions 
about the project, please ask one of the investigators.  
Who is involved in this research project? Why is it being conducted?  
The Chief Investigator is Professor Nilmini Wickramasinghe from RMIT University. 
The research student is Jianqiu Kou, a PhD student. The second Supervisor is Dr 
Say Yen Teoh. The research is being conducted as part of a Doctor of Philosophy 
degree. This research aims to design and implement a mobile nursing system with 
the purpose of achieving a real closed-loop medication administration throughout 
the whole life cycle of orders so as to reduce medical errors. The project has been 
approved by the RMIT Human Research Ethics Committee. Also, Jiangsu 
Province Hospital has given approval for this research.  
Why have you been approached?  
As the research is about the design and implementation of a mobile nursing 
information system in Jiangsu Province Hospital and the users are nurses in that 
hospital, the participant has been approached with this invitation selected at 
random from the units using the nursing system. The names and contact details of 




What is the project about? What are the questions being addressed?  
This research aims to design and implement a mobile nursing system with the 
purpose of achieving a real closed-loop medication administration throughout the 
whole life cycle of orders. This research will aim to explore the following major 
question: 
How can a mobile nursing system be used to achieve closed-loop medication 
administration?  
In order to answer this question, semi-structured interviews, focus group 
interviews, and a questionnaire will be conducted. Around 30 participants will be 
expected to be involved. 
If I agree to participate, what will I be required to do?  
The participants will be expected to attend semi-structured interviews, focus 
group interviews or a questionnaire. The interview will need about 30-45 minutes. 
The focus group interview will last for around 1 hour. The questionnaire will need 
approximately 30 minutes to finish and the questions are about some basic 
information of the participants such as the age group, the professional ranks and 
their opinion toward the new mobile nursing system. For the interviews and focus 
group interviews, the participants will be asked questions about the opinion 
towards the new mobile nursing system, the benefits, the problems and what they 
want to get from the system. 
What are the possible risks or disadvantages?  
The only possible disadvantages associated with participation will be the time 
spent on attending the interviews or finishing the questionnaire. 
But if you are unduly concerned about your responses to any of the questionnaire 
items or if you find participation in the project distressing, you should contact MS 
Jianqiu Kou as soon as convenient. MS Jianqiu Kou will discuss your concerns 
with you confidentially and suggest appropriate follow-up, if necessary. 
 
What are the benefits associated with participation?  
The benefits associated with participation is that with the information gained from 
the participants, the mobile nursing system may be optimized so the participants 
may work more conveniently and efficiently with the utilisation of the system.  
What will happen to the information I provide?  
The documentation will be stored confidentially in lockable office provided by the 
hospital and computer files will be password protected and stored in a computer 
provided by the hospital. All the data are anonymity and all the participants cannot 




in any publications, all the information will be displayed with anonymity.  The 
questionnaires will be conducted by paper-based and the participants will put the 
fulfilled questionnaires to the mailbox of the IT department. 
Any information that you provide can be disclosed only if (1) it is to protect you or 
others from harm, (2) if specifically required or allowed by law, or (3) you provide 
the researchers with written permission.  
The results will be published and disseminated in publications including in a thesis 
or report, a paper in scholarly journals or be presented at conferences.  
All the data will be aggregated using pseudonyms. The research data will be kept 
securely at RMIT for 5 years after publication, before being destroyed. Whereas 
the final research paper will remain online.  
 
What are my rights as a participant?  
 The right to withdraw from participation at any time.  
 The right to request that any recording cease.  
 The right to have any unprocessed data withdrawn and destroyed, 
provided it can be reliably identified, and provided that so doing does not 
increase the risk for the participant.  
 The right to be de-identified in any photographs intended for public 
publication, before the point of publication.  
 The right to have any questions answered at any time.  
Whom should I contact if I have any questions?  
If you have any questions, you should contact MS Jianqiu Kou as soon as 
convenient. Her email address is  s3300519@student.rmit.edu.au and her phone 
number in China is +8625 68136766. 
What other issues should I be aware of before deciding whether to 
participate?  




If you have any concerns about your participation in this project, which you do not 
wish to discuss with the researchers, then you can contact the Ethics Officer, 
Research Integrity, Governance and Systems, RMIT University, GPO Box 2476V  
VIC  3001. Tel: (03) 9925 2251 or email human.ethics@rmit.edu.au 









1. I have had the project explained to me, and I have read the information sheet  
 
2. I agree to participate in the research project as described 
 
3. I agree: 
 to be interviewed and/or complete a questionnaire 
 that my voice will be audio recorded 
 
4. I acknowledge that: 
 
(a) I understand that my participation is voluntary and that I am free to 
withdraw from the project at any time and to withdraw any 
unprocessed data previously supplied (unless follow-up is needed 
for safety). 
(b) The project is for the purpose of research. It may not be of direct 
benefit to me. 
(c) The privacy of the personal information I provide will be safeguarded 
and only disclosed where I have consented to the disclosure or as 
required by law.  
(d) The security of the research data will be protected during and after 
completion of the study.  The data collected during the study may 
be published, and a report of the project outcomes will be provided to 
Jianqiu Kou. Any information which will identify me will not be used. 
 
 Participant’s Consent 
 













Appendix 2: The Protocol of the Interviews 
This interview is conducted to analyze the implementation of closed 
loop medication administration using a mobile nursing information 
system which has just been implemented in this hospital. The 
interviewees are all nurses from the units which has implemented the 
new mobile nursing system. The interview will last for around 30 
minutes. 
Please respond to the following questions according to your opinion. 
 
1. Please describe the benefits and problems of the mobile nursing 
system. 
                                                    
                                                    
                                                    
 
2. What do you want to improve from the system? Who got the 
benefits? Why and how do you think they got the benefits?  
                                                    
                                                    
                                                    
                                                    





3. In your opinion, what are the successful factors and issues in the 
design and implementation of the mobile nursing system? 
                                                    
                                                    
                                                    
 
4. Anything else you want to add? 
                                                    
                                                    






Appendix 3: Questionnaire 
The Implementation of Closed Loop Medication Administration 
Using a Mobile Nursing Information System 
Questionnaire 
Thanks for spending time to complete this questionnaire. This questionnaire is 
designed to analyze the implementation of closed loop medication administration 
using a mobile nursing information system. It is for the purpose of research and is 
part of a Doctor of Philosophy degree in RMIT. The research student is Jianqiu 
Kou and the supervisors are Professor Nilmini Wickramasinghe and Dr Say Yen 
Teoh from RMIT University. Informed consent is implied by return of the 
questionnaire. 
Please respond to the following questions according to your opinion and this is an 
anonymous questionnaire.  
Section 1: General information of participants 
1. Please select your gender: 
a. Male 
b. Female 





3. Please select your highest level of education: 
a. Technical secondary school 
b. Junior college 
c. Undergraduate and above 
4. Please select your professional rank: 
a. Nurse 




c. Nurse-in-charge and above 
5. How long have you use the mobile nursing information system with the 
tablet PC? 
a. < = 30 days 
b. 31 days – 90 days 
c. 91 days – 180 days 
d. >=181 days 
 
Section 2: The degree of satisfaction to the mobile nursing system 
6. How satisfied are you with the portability of the tablet PC? 
a. Very satisfied     
b. Satisfied     
c. Indifferent    
d. Dissatisfied    
e. Very dissatisfied 
7. How satisfied are you with the stability of the wireless network? 
a. Very satisfied     
b. Satisfied     
c. Indifferent    
d. Dissatisfied    
e. Very dissatisfied 
8. How satisfied are you with the navigation of the system? 
a. Very satisfied     
b. Satisfied     
c. Indifferent    
d. Dissatisfied    
e. Very dissatisfied 
9. How satisfied are you with the information display of the system in the 
tablet PC? 
a. Very satisfied     
b. Satisfied     




d. Dissatisfied    
e. Very dissatisfied 
10. How satisfied are you with the ease of entry for the mobile nursing 
system? 
a. Very satisfied     
b. Satisfied     
c. Indifferent    
d. Dissatisfied    
e. Very dissatisfied 
11. How satisfied are you with the system response speed of the mobile 
nursing system? 
a. Very satisfied     
b. Satisfied     
c. Indifferent    
d. Dissatisfied    
e. Very dissatisfied 
12. How satisfied are you with the training of the mobile nursing system? 
a. Very satisfied     
b. Satisfied     
c. Indifferent    
d. Dissatisfied    
e. Very dissatisfied 
 
Section 3: The effects of the mobile nursing system 
13. I feel the mobile nursing system has greatly improved the accuracy of 
patient identification. 
a. Strongly agree 
b. Agree 
c. Neither agree nor disagree 
d. Disagree 
e. Strongly disagree 




a. Strongly agree 
b. Agree 
c. Neither agree nor disagree 
d. Disagree 
e. Strongly disagree 
15. I feel the mobile nursing system has greatly improved the work 
efficiency. 
a. Strongly agree 
b. Agree 
c. Neither agree nor disagree 
d. Disagree 
e. Strongly disagree 
16. I feel the mobile nursing system has greatly streamlined the work flow of 
nurses. 
a. Strongly agree 
b. Agree 
c. Neither agree nor disagree 
d. Disagree 
e. Strongly disagree 
17. I feel the mobile nursing system has greatly improved the patient 
satisfaction. 
a. Strongly agree 
b. Agree 
c. Neither agree nor disagree 
d. Disagree 
e. Strongly disagree 
18. I feel the data stored in the mobile nursing system is more accurate and 
safe. 
a. Strongly agree 
b. Agree 
c. Neither agree nor disagree 
d. Disagree 
e. Strongly disagree 
